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To  His  Excellency^  Robert  E.  Pattison,  ex-officio  Qliair- 
man  of  the  Board  of  Commissioners  of  the  Geological 
Savvey  of  Pennsylvania : 

« 

Sir  :  I  have  the  honor  to  submit  to  the  Board  the  follow- 
ing report  of  the  progress  of  the  Survey  in  1885,  with  sin- 
cere expressions  of  gratitude  for  the  generous  and  efficient 
support  which  the  Board  has  given  me  in  the  execution  of 
my  plans,  and  equally  sincere  thanks  to  each  and  all  of  the 
gentlemen  of  the  corps  for  their  zealous  cooperation. 

A  short  history  of  the  work  of  the  Survey  since  1874 
will  be  the  most  appropriate  preface  to  a  statement  of  the 
work  of  the  last  year. 

In  1874  the  Survey  was  commenced  in  Venango  and  But- 
ler, in  Clearfield  and  Jefferson,  in  Mifflin  and  Huntingdon, 
in  York  and  Adams,  and  in  Lehigh  county. 

In  1875  it  was  continued  in  those  counties,  and  was  com- 
menced in  Greene,  Washington,  and  Allegheny,  in  Cam- 
bria and  Blair,  and  in  Tioga  and  Bradford.  A  special  sur- 
vey of  parts  of  Clinton  was  also  made. 

In  1876  the  survey  of  the  oil  region  was  made  to  include 
parts  of  Warren  and  Crawford,  Clarion  and  Armstrong. 
The  rest  of  Allegheny  was  surveyed  ;  half  of  Westmore- 
land and  Fayette  ;  all  Beaver  ;  half  of  Butler  ;  all  Somer- 
set, Potter,  and  part  of  Snyder ;  and  the  survey  of  McKean 

B  (xvll) 
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was  commenced.  The  Lehigh  work  was  extended  into 
Northampton  and  Berks ;  the  York  and  Adams  work  into 
Franklin  and  Cumberland. 

In  18T7  the  survey  of  the  oil  region  and  that  of  McKean 
were  continued;  Westmoreland,  Fayette,  and  Butler,  were 
finished  ;  Lawrence,  Indiana,  Lycoming,  and  Sullivan  sur- 
veyed ;  the  Blair  county  topographical  survey  extended ; 
the  South  mountain  topographical  survey  continued  ;  the 
Northampton  mountain  and  valley  topographical  survey 
extended  into  Berks  ;  the  survey  of  Juniata  commenced ; 
the  topographical  survey  of  the  Seven  mountains  in  Sny- 
der commenced  ;  the  survey  of  Elk,  Cameron,  and  Lancas- 
ter county  commenced,  and  the  outcrops  of  southern  Bucks 
and  Montgomery  mapped  and  specimens  collected. 

In  1878  the  survey  of  the  oil  region  was  continued; 
Mercer,  Clarion,  and  Armstrong  surveyed ;  McKean  com- 
pleted ;  Potter  revised ;  Juniata  revised  and  Perry  sur- 
veyed ;  mapping  in  Blair  finished  ;  mapping  of  the  Seven 
mountains  continued ;  mapping  of  the  South  mountains 
continued  ;  mapping  of  the  Reading  mountains  continued  ; 
Lancaster  completed ;  Southern  Bucks  and  Montgomery 
mapped ;  and  the  museum  arranged  and  catalogued. 

In  1879  the  survey  of  the  oil  regions  was  continued; 
Crawford,  Erie,  Jefferson,  and  Clinton  were  surveyed  ;  the 
Elk  and  Cameron  survey  was  extended  into  Forest,  and  the 
work  in  all  three  counties  completed ;  the  Franklin  county 
valley  was  surveyed  ;  the  South  mountain  topography  con 
tinued ;  the  Reading  mountain  survey  extended  westward  ; 
the  survey  of  the  Philadelphia  belt  extended  into  Delaware 
county  ;  and  Chester  county  surveyed. 

In  1880  the  survey  of  the  oil  region  was  continued  ;  the 
Coal  Flora  (collected,  studied,  described,  and  figured  by 
Mr.  Lesquereux  since  1874)  was  published  ;  the  descriptions  . 
of  the  coal  plants  of  Greene  county  were  published ;  the 
subject  of  Waste  in  Anthracite  Coal  was  studied  ;  Susque- 
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hanna  and  Wayne  county  were  surveyed ;  the  South 
mountain  topography  was  continued;  the  Cumberland 
county  valley  was  surveyed ;  and  the  study  of  anthracite 
geology  and  mining  methods  commenced. 

In  1881  the  survey  of  the  oil  region  was  continued ; 
Warren  was  surveyed ;  Pike,  and  Monroe,  and  part  of  Car- 
bon were  surveyed ;  a  special  palseontological  survey  of 
Perry  and  Juniata  was  commenced ;  and  a  systematic 
mine  and  surface  survey  of  all  the  anthracite  coal-fields  was 
organized. 

In  1882  the  Anthracite  survey  was  carried  forward  ;  Cen- 
tre, Dauphin,  Lebanon,  Luzerne,  Lackawanna,  Columbia, 
Montour,  and  Northumberland  counties  were  surveyed ; 
the  Perry  county  palaeontology  continued  ;  the  thii*d  and 
last  volume  of  the  Coal  Flora  published ;  the  Report  on 
Methods  of  Coal  Mining  completed ;  and  the  first  sheets 
of  the  Anthracite  Survey  published.  A  special  survey 
along  the  Lehigh  river  was  commenced. 

In  1883  a  special  survey  of  the  Monongahela  river  collier- 
ies was  made ;  the  Clearfield  county  coal-fields  were  re-sur- 
veyed ;  Huntingdon  county  was  finished  ;  the  roofing-slate 
belt  in  Northampton,  Lehigh,  and  Berks  was  surveyed ;  the 
glacial  moraine  was  tnwed  across  the  State ;  the  survey  of 
the  Anthracite  fields  was  continued,  additional  sheets  pub- 
lished, and  a  special  topographical  survey  of  the  Wyoming 
coal  field  commenced.  The  Hand  Atlas  of  counties  was 
prepared  for  publication. 

In  1884  the  Anthracite  surveys  were  continued,  and  some 
unfinished  work  in  other  parts  of  the  State  undertaken. 

In  1885  there. remained  still  unaccomplished  a  necessary 
revision  of  imrts  of  Forest,  Tioga,  Bradford,  Union,  and 
Snyder,  and  of  the  whole  of  Juniata ;  a  survey  of  the  Pine- 
grove-Orwigsburg  valley ;  some  special  local  surveys  in 
Cnmberland,  Dauphin,  Lebanon,  and  Bucks  ;  a  systematic 
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survey  of  the  Mesozoic  country  in  Berks,  Montgomery, 
and  Bucks,  and  some  important  local  surveys  in  Chester 
and  Delaware,  before  the  final  preparation  of  the  remain- 
ing volumes  of  county  reports  could  be  published.  If  the 
regular  annual  appropriation  for  the  Survey  had  been  con- 
tinued all  this  coul^  have  been  accomplished  prior  to  1886 
without  interfering  with  the  progress  of  the  Anthracite 
surveys. 

But  the  appropriation  made  in  1885  was  reduced  to  one 
half,  and  a  new  survey  of  the  oil,  gas,  and  coal-fields  of 
Western  Pennsylvania  ordered  by  the  Legislature  of  1886. 
A  new  disposition  of  the  force  of  the  Survey  had  to  be 
made,  the  proposed  local  work  in  the  different  counties 
named  above  postponed,  and  operations  in  the  Anthracite 
fields  restricted  within  narrower  limits. 

It  is  impossible  to  carry  on  a  great  work  usefully  without 
sufficient  money.  Skilled  experts  must  be  properly  j>aid. 
Necessary  expenses  must  be  met.  The  most  conscientious 
economy  has  its  limits  fixed  by  the  nature  of  the  undertak- 
ing. Personal  zeal  and  a  self-sacrificing  love  for  and  pride 
in  good  work  of  a  noble  kind  can  be  carried  to  a  certain 
height,  and  no  higher.  The  State  can  do  its  geology,  like 
the  rest  of  its  doings,  only  on  business  principles.  What 
costs  little  is  never  good  for  much,  and  the  utility  of  a  geo- 
logical survey  to  the  Commonwealth  will  be  exactly  meas- 
ured by  the  amount  of  time  and  money  spent  upon  it. 
Fifty  thousand  dollars  is  not  a  large  sum  for  a  great  State 
to  spend  annually  in  exploring  its  mineral  resources,  in 
making  them  generally  known,  and  in  obtaining  or  en- 
deavoring to  obtain  explanations  of  natural  facts  which 
puzzle  the  best  intellects.  But  the  appropriation  of  1885 
only  permitted  an  annual  expenditure  of  twenty-five 
thousand  dollars  a  year.  Continual  investigation  is  part  of 
the  price  of  human  progress  and  national  prosperity.  The 
Geological  Survey  is  only  one  kind  of  investigation  among 
many  others  carried  on  by  the  i)eople  of  Pennsylvania  ; 
but  it  is  as  necessary  and  as  important  as  any  other  kind; 
and,  being  systematic,  and  based  upon  a  store  of  real 
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knowledge,  is  one  of  the  surest  and  one  of  the  cheapest 
kinds. 

The  cost  of  the  Survey  was  limited  by  the  following  ap- 
propriations : 

Act  of  May  14,  1874, $105,000 

Act  of  May  13,  1876, 65,000 

Act  of  April  18, 1877, 100,000 

Act  of  June  11,  1879, 60,000 

Act  of  May  26,  1881, 125,000 

Act  of  June  28, 1883, 50,000 

Act  of  July  3,  1885, 50,000 


Total  appropriation  for  13  years,    .   .  $545,000 

Prom  May,  1874,  to  July,  1885,  there  was  appropriated 
for  the  work  of  the  Survey,  $495,000,  permitting  an  average 
yearly  expenditure,  for  11  years,  of  $45,000. 

The  expenses  for  the  first  six  months  of  1885,  ($10,- 
194  45,)  were  met  by  the  appropriation  of  June  28,  1883 ; 
and  for  the  second  six  months  ($14,489  30)  by  the  appropri- 
ation of  July  3,  1885. 

Ttotal  expenditure  for  1885,  $24,683  75. 

Balance  in  hand  January  1, 1886,  to  meet  the  expenses  of 
1886,  and  the  first  part  of  1887,  $35,510  70. 

The  amounts  disbursed  by  the  State  Greologist,  under  the 
direction  of  the  Board  of  Commissioners,  have  been  ac- 
counted for  b}''  monthly  detail  vouchers,  audited  and  ap- 
proved by  the  Board,  and  deposited  with  the  Auditor  Gen- 
eral of  the  State. 
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Persons  engaged  In  tJte  Survey  and  the  length  of  time 
of  their  active  connection  with  it  previous  to  January  i, 
1886. 
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(1)  Speoial  draughtsman  for  parts  of  two  jearSa 

(2)  Special  draughtsman  for  part  of  a  year,  (Fossils.) 
(8)  Speoial  report  on  fossils  of  Centre  oountya 

(4)  Speoiai  report  E. 

(5)  Special  assistance  in  indexing. 

(6)  Special  survey  along  the  Oonnodogwinit  oreeka 

(7)  Special  collection  of  coal-plants. 

(8)  Special  oil-well  records. 

(9)  Special  report  ou  Warren  section  and  fossils. 

(10)  Speoial  draughtsman,  (Fossils.) 

(11)  Special  notes  on  Serpentine  localities. 

(18)  Speoial  survey  of  parts  of  the  Glacial  Moraine. 
(18)  Special  report  J. 

*  Authors  parts  of  reports 


The  publications  of  the  Survey  have  been — 
1876,  six  volumes,  B,  D,  H,  I,  J,  M. 

1876,  four  volumes,  A,  C,  K,  L,  and  a  pamphlet  B*. 

1877,  five  volumes,  C\  ff,  ff,  T,  K'. 
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1878,  nine  volumes,  D',  E,  F,  G,  H*,  K',  N,  0,  Q. 

1879,  three  volumes,  M',  Q',  V. 

1880,  twelve  volumes,  C\  G%  G\  G\  R\  I\  0%  Pi,  ii,  P*, 
Q\  il,  Y\ 

1881,  six  volumes.  A',  G\  H',  M*,  Q*,  T. 

1882,  three  volumes,  C,  G%  T,  and  atlas  (AA)1. 

1883,  seven  volumes,  AA,  AC,  C*,  J)*  (1),  D*  (2i),  G^  1\ 
and  atlas  1)*. 

1884,  six  volumes,  H^  K^  Piii,  P',  T,  Z,  and  atlas  (AA)2. 
1885,' six  volumes,  AA'i,  C*,  F',  R*,  T',  X,  and  atlases 

(AA)3  (AA)4. 

In  eleven  years  the  Survey  has  published  67  volumes  8° 
and  one  pamphlet,  4  anthracite  atlases,  and  9  other  atlases 
to  volumes  AC,  C',  D',  D",  P,  P,  R,  R',  and  T. 

It  has  published  colored  geological  maps  of  57  out  of  the 
67  counties.  Colored  maps  of  Cambria,  Somerset,  Juniata, 
Mifflin,  Snyder,  Union,  Schuylkill,  Berks,  Montgomery, 
and  Bucks  being  still  unpublished ;  but  uncolored  geolog- 
icalmaps  of  Cambria  and  Somerset  are  included  in  their 
volumes ;  and  colored  maps  of  the  eastern  half  of  Berks 
and  of  the  southern  parts  of  Montgomery  and  Bucks  have 
been  published  in  advance.  All  the  county  maps  are  on 
the  scale  of  2  miles  to  the  inch,  except  McKean  county  and 
Philadelphia,  which  are  on  a  scale  of  1^  miles  to  the  inch. 
Colored  geological  maps  of  all  the  counties,  on  a  scale  of  6 
miles  to  the  inch,  prepared  by  the  State  Geologist  at  various 
stages  of  the  Survey,  will  be  found  in  the  Hand  Atlas  (X) 
published  in  1885. 

All  the  volumes  of  reports,  with  three  or  four  exceptions, 
are  illustrated  with  diagrams,  sections  (columnar  and  hori- 
zontal,) sketches  made  in  the  field,  local  maps,  and  photo- 
graphic views  of  such  important  outcrops  as  could  not  other- 
wise be  described  with  requisite  accuracy,  amounting  in  all 
to  several  thousand. 

The  distributions  of  the  publications  of  the  Survey,  by 
the  Board  of  Commissioners,  was  regulated  for  ten  years — 
that  is,  from  1875  to  1885 — by  section  10  of  the  act  of  May 
14, 1874,  which  ordered  that  copies  should  be  donated  to  all 
public  libraries,  universities,  and  colleges  in  the  State,  and 
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should  be  furnished  at  cost  of  publication  to  other  appli- 
cants ;  the  money  received  therefor  being  covered  back  into 
the  State  Treasury. 

It  was  supposed  that,  by  this  proviso  of  the  act,  every 
citizen  of  the  State  who  really  valued  a  report  would  be 
easily  able  to  obtain  a  copy,  while  no  copies  would  be 
wasted,  as  by  a  free  distribution.  But,  in  point  of  fact, 
there  was  little  or  no  sale,  because  citizens  of  the  State  were 
accustomed  to  obtain  from  their  Representatives  and  Sen- 
ators, without  cost,  all  other  State  documents. 

Consequently,  when,  in  1875,  Report  B,  on  the  Miner- 
alogy of  the  State,  and  Report  J,  on  Petroleum,  appeared, 
and  a  popular  demand  for  copies  of  them  was  made  on  the 
members  of  the  Legislature,  who  could  not  furnish  to  their 
constituents  what  they  had  to  purchase  for  themselves,  an 
act  was  passed  providing  for  a  special  edition  of  5,000 
copies  of  each  one  of  these  reports,  for  the  use  of  the 
Senate  and  House  of  Representatives.  Similar  aces  were 
subsequently  passed  by  the  Legislatures  of  1877,  1878,  and 
1879,  respecting  all  the  reports. 

Under  these  acts,  425,931  copies  of  Geological  Reports 
were  printed  for  members  of  the  Legislature  and  distributed 
by  them  among  their  constituency. 

In  addition  to  this,  and  under  the  organic  law  of  the  Sur- 
vey, the  Board  published  110,669  copies,  part  of  which 
were  distributed  to  public  libraries,  universities  and  col- 
leges in  the  State,  and  the  remainder  held  for  sale  at  cost. 
But  the  sale  of  reports  was  almost  wholly  stopped  by  the 
free  distribution  of  the  special  Legislative  editions;  so  that 
in  1885  there  still  remained  unsold  43,118  copies. 

In  view  of  this  fact,  an  act  was  passed  and  approved  by 
the  Governor,  July  3,  1885,  the  first  section  of  which  en- 
acted : 

"That  the  Board  of  Commissioners  of  the  Geologioal  Survey  are  hereby 
anthorized  and  directed  to  distribute  the  remaining  copies  of  said  reports  as 
foUowB :  Fifty  copies  of  each  report  to  the  State  Librarian  for  distribution  and 
exchange  with  other  States  and  Territories,  and  of  the  balance  an  equal  num- 
ber of  volumes  to  each  member  of  the  present  Senate  and  House  of  Repre- 
sentatives, making  the  sets  complete  as  far  as  practicable/' 

The  Board,  before  acting  under  this  law,  submitted  the 
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same  to  the  Attorney  General  of  the  State,  and  in  accord- 
ance with  the  interpretation  of  the  act  received  from  the 
Department,  the  stock  of  reports  was  distributed  as  fol- 
lows: 

Ck>piefl  retained  for  distribation  to  public  libraries,  uniirertii- 
ties  and  ooUegeain  tlie  State,  under  the  act  of  Biaj  14, 1874,  6,182 

Copies  (60  sets)  delivered  to  tlie  State  Librarian, 8,600 

Copies  delivered  to  the  Senate  Librarian  for  distribation  to 
theSeoate, 7,040 

Copies  delivered  to  tlie  Resident  Clerk  of  the  House  of  Rep- 
resentatives, for  distribution  to  the  members  of  the 
House,  .   .       28,162 

Copies  mislaid  and  discovered  after  distribution  bad  been 
made,       61 

Copies  damaged,     128 

Total, 48,118 


The  handling,  recording,  and  distributing  of  so  large  a 
stock  of  publications,  in  a  satisfactory  manner,  entailed  a 
serious  amount  of  time,  labor,  and  expense,  but  it  was  all 
accomplished  by  the  first  of  December. 

The  Board  of  Commissioners  have  now  no  reports  on 
sale^  as  formerly,  nor  any  copies  for  free  distribution. 
But  to  meet  necessary  demands,  copies  will  be  purchased 
as  occasions  offer,  and  will  be  sold  to  applicants  at  cost  of 
publication. 

The  future  publication  of  reports  is  regulated  by  sec- 
tion 2  of  the  act  of  July  3,  1885,  which  reads  as  follows : 

**That  of  eaoh  report  hereafter  published,  three  thousand  live  hundred 
oopiessliall  be  printed,  which  shall  be  distributed  by  the  Board  of  Commis- 
sioners as  follows :  Five  hundred  copies  to  the  Senate,  two  thousand  copies  to 
the  House  of  Representatives,  one  hundred  and  fifty  copies  to  the  State  Geol- 
ogist, out  of  which  he  shall  donate  copies  to  authors  and  to  members  of  Sur- 
vey corps  as  heretofore  granted,  six  hundred  copies  to  the  Board  of  Commis- 
sioners for  distribution  to  public  libraries,  universities,  and  colleges  in  the 
State,  to  parties  rendering  material  aasistanoe  to  the  Survey  and  for  exchange 
with  foreign  societies  and  geologists,  and  fifty  copies  thereof  to  the  members 
of  the  Board,  one  hundred  copies  to  the  Secretary  of  Internal  Affaira,  for 
distributioa  by  him,  one  hundred  copies  to  the  Governor  for  distribution  by 
him,  and  fifty  copies  to  the  State  Librarian,  for  distribution  and  exchange 
with  other  States  and  Territories.'' 

In  consequence  of  this  enactment,  citizens  of  the  State 
must  apply  to  their  Representatives  at  Harrisburg  for 
copies  of  this  Annual  Report  of  1885,  as  well  as  for  any 
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future  publications  of  the  Geological  Survey  which  they 
may  desire  to  own. 

Progress  in  1885. 

From  the  first  of  January  to  July  3,  when  the  act  of  As- 
sembly was  approved  by  the  Governor,  the  work  of  the 
Survey  was  limited  to  office  work  on  the  maps  and  sections 
of  the  anthracite  region,  verifying,  correcting,  and  supple- 
menting the  data  on  which  they  were  based  by  the  neces- 
sary amount  of  field  work  and  underground  examination. 

As  soon  as  the  continuance  of  the  survey  was  assured, 
arrangements  were  made  for  resuming  work  in  western 
Pennsylvania.  Mr.  Carll  and  Mr.  d'lavilliers  were  recom- 
missioned  and  took  the  field  :  the  former  to  report  on  the 
gas-wells  especially  ;  the  latter  to  report  on  the  coal-beds 
of  the  Pittsburgh  district.  Part  of  the  season  Mr.  d'lnvil- 
liers  was  directed  to  make  a  special  survey  of  the  Cornwall 
mine  in  Lebanon  county. 

Mr.  E.  B.  Harden  made  a  special  survey  of  the  Mt.  Savage 
fire-clay  mines  in  Somerset  county. 

Mr.  Ash  burner  found  time,  in  addition  to  that  required 
for  the  discharge  of  his  special  duties  as  Geologist  in  charge 
of  the  Anthracite  Survey  and  of  the  executive  work  of  the 
entire  Sui-vey,  to  make  a  special  study  of  the  Tipton  coal- 
beds  in  Blair  county,  and  another  of  the  kaolin  beds  in 
Delaware  county. 

Mr.  Hill,  as  assistant  geologist,  has  assisted  Mr.  Ash- 
burner  in  continuing  and  extending  the  Anthracite  Survey 
aided  by  Messrs.  O.  B.  Harden,  George  M.  Lehman,  and 
A.  D.  W.  Smith.  Mr.  Hill  has  rendered  other  efficient 
help  connected  with  the  general  work  of  the  Survey. 

During  the  field  season  Messrs.  J.  P.  Merkle  and  Bond 
Somerville  were  employed  as  volunteer  aids  on  the  anthra- 
cite work. 

Mr.  Baird  Halberstadt  has  been  engaged  on  accounts  and 
general  office  work  at  headquarter,  Mr.  Adachi  on  draught- 
ing work,  and  Mr.  H.  F.  Albright  on  genera]  clerical  work. 

The  curtailment  by  the  Legislature  of  the  appropriation 
of  $90,000  asked  by  the  Board  for  1885  and  1886  to  $50,000, 
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made  it  necessary  to  reduce  the  size  of  the  corps,  and 
Messrs.  Wells,  Branner,  Sims,  and  Scott  resigned  their  po- 
sitions to  form  more  lucrative  connections.  All  these  gen- 
tlemen were  experienced  in  their  special  work,  and  their 
loss  to  the  Survey  was  great. 

In  the  early  part  of  the  year  I  was  wholly  occupied  with 
the  publication  of  such  volumes  of  reports  as  appeared 
in  the  course  of  the  year;  that  on  Huntingdon  county 
especially  consuming  much  time.  Prom  July  onward  I 
was  engaged  in  preparing  a  summary  of  the  Geology  of 
Pennsylvania  for  popular  use.  The  call  for  such  a  work 
has  been  general  throughout  the  State.  Until  now  I  have 
been  unable  to  prepare  it,  owing  to  incessant  demands  made 
upon  my  attention.  To  relieve  me  of  these  interruptions, 
the  Board  approved  of  my  delegating  the  executive  busi- 
ness of  the  Survey  to  Mr.  Ashburner,  who  was  placed  in 
charge  of  correspondence,  publications,  and  accounts,  with 
a  general  oversight  of  all  field  and  office  work.  I  hope  by 
this  arrangement  to  accomplish  the  serious  task  of  pub- 
lishing, in  a  single  volume,  a  description  of  the  State. 

The  Survey  of  tJie  Oil  Regions^  by  Mr.  John  P.  Carll, 
has  a  special  reference  to  the  recent  application  of  rock-gas 
to  the  iron  and  glass  industries  of  the  Pittsburgh  district, 
and  to  the  lighting  and  heating  of  houses,  factories,  and 
streets.  Mr.  Carll' s  preliminary  report  on  rock-oil  and 
rock -gas  is  the  first  in  this  volume.  He  will  continue  his 
survey  of  the  region,  and  present  a  full  report  in  1886. 

A  sixth  chapter  has  been  appended  to  Mr.  Carll' s  report, 
consisting  of  Notes  on  Recent  Oil-horlngs  in  Potter  County^ 
in  which  Mr.  Ashburner  shows  by  their  records  that  No.  1 
well,  which  is  only  2029'  deep,  actually  goes  169'  deeper 
into  the  measures  than  well  No.  3,  which  is  2750'  deep,  and 
goes  294'  deeper  into  the  measures  than  well  No.  4,  which 
is  2100'  deep.  It  is  an  excellent  lesson  in  oil  geolog}^  It 
shows,  also,  how  properly  kept  well  records  can  be  used 
for  discovering  the  true  dip  at  great  depths  (see  page  94,) 
and  it  indicates  the  probability  that  the  Bradford  Oil- 
sands  of  McKean  do  not  extend  eastward  through  Potter 
county. 
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I  have  added,  on  pages  657  to  680,  a  short  discussion  of 
the  possible  quantity^  pressure^  and  fuel-value  of  the  rock- 
gas. 

The  Survey  of  the  Pittsburgh  Coal  Region^  by  Mr. 
E.  v..  d'lnvilliers,  begun  in  1885,  will  be  continued 
through  1886.  In  this  volume  is  published  his  prelim- 
inary report  on  the  underground  structure  of  the  area 
included  between  the  Youghiogheny  and  Allegheny  rivers  ; 
with  maps  showing  the  basining  of  the  Pittsburgh  coal- 
bed,  and  the  irregular  shape  of  the  anticlinals.  It  de- 
serves the  careful  consideration  of  those  who  are  seeking 
accurate  information  respecting  the  anticlinal  rolls  of 
western  Pennsylvania,  under  the  mistaken  supposition 
that  they  can  be  laid  down  upon  the  State  and  county 
maps  in  straight  lines,  and  be  used  for  locating  new  gas 
wells.  The  fact  however  is,  that  they  are  only  approxi- 
mately straight ;  that  they  are  oblong  elevations,  rising 
and  falling,  sometimes  running  into  each  other,  sometimes 
lapping  past  each  other  ;  that  they  are  really  the  irregular 
wrinkles  which  separate  and  enclose  a  great  number  of 
synclinal  dimples,  rather  than  troughs  ;  and  that  there  are 
no  such  things  as  cross  anticlinals^  any  more  than  there  are 
cross  billows  on  the  surface  of  the  ocean  during  a  storm, 
the  whole  system  of  billows  being  arranged  in  one  directioi^ 
in  nearly  parallel  lines,  but  each  billow  being  composed  of 
a  multitude  of  waves  arranged  along  a  line.  All  this  was 
made  clear  during  the  surveys  of  western  Pennsylvania 
from  1874  to  1880,  and  appears  in  the  county  reports.  Mr. 
d'lnvilliers'  work  in  1885  presents  the  truth  under  more 
favorable  circumstances  for  its  accurate  demonstration,  and 
in  greater  detail  than  heretofore.  He  extended  his  survey 
beyond  the  district  described,  and  will  continue  it  over  the 
whole  Pittsburgh  district  in  1886,  and  report  upon  it  in  full 
for  the  annual  report  of  that  year. 

I  have  obtained  from  the  venerable  botanist  of  the  Sur- 
vey, Mr.  Leo  Lesquereux  (whose  active  employment  on  the 
Survey  terminated  in  1883,  when  the  services  of  the  chemist 
at  Harrisburg,  and  the  mineralogist  at  Philadelphia  were 
also  suspended)  a  concise  statement  of  the  grounds  upon 
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which  geologists  base  the  now  universally  accepted  theory 
of  the  vegetable  origin  of  coal-beds ;  prefeiring  it  to  come 
from  his  pen  rather  than  from  my  own,  because  it  is  to  his 
researches  in  early  life  into  the  nature  and  growth  of  the 
peat-bogs  of  Neufchatel  and  other  districts  of  Europe  that 
we  owe  the  complete  demonstration  of  the  theory,  whereas 
the  direct  study  of  the  coal-beds  has  furnished  only  circum- 
stantial evidence  of  its  truth.  The  essay  will  be  found  on 
pages  95  to  121  of  this  volume.* 

An  important  paper  on  the  Limestone  of  the  Washing- 
ton County  oil  wells  will  be  found  on  pages  223-227.  The 
horizon  of  the  mountain  limestone^  or  sand-lime  formation 
at  the  base  of  No.  XI,  has  been  established  by  Professors 
Linn  and  Linton,  by  a  study  of  recent  gas-well  drillings. 
This  is  an  important  confirmation  of  and  addition  to  our 
knowledge  of  the  formations  underlying  western  Pennsyl- 
vania and  Ohio. 

An  account  of  the  Wellersburg  coal-ba^in  in  the  south- 
eastern corner  of  Somerset  county  will  be  found  on  pages 
227  to  239  of  this  volume.  It  is  extracted  from  a  manu- 
script business  report  communicated  to  the  State  Geologist 
for  the  use  of  the  Survey,  by  the  late  lamented  James  Mac- 
farlane,  one  of  its  Board  of  Commissioners. 

Mr.  E.  B.  Harden' s  report  of  his  special  survey  of  the 
fire-clap  mines  of  the  basin  is  api)ended  on  pages  239  to  249. 

Mr.  Ashburner's  report  on  his  special  survey  of  the  Tip- 
ton Run  coal-beds^  in  Blair  county,  will  be  found  on  pages 
260  to  267.  It  fully  substantiates  the  position  always  as- 
signed to  these  early  coal  measures  by  the  State  Geologist, 

• 

*It  seems  strange  that  at  this  late  day  snob  proofti  of  the  vegetable  origin 
of  ooal-beds  should  be  called  for ;  but,  during  the  last  twelve  months,  the 
crudest  notions  on  the  subject  have  been  published  by  respectable  newspapers 
in  the  State,  sometimes  as  editorials,  sometiuiefl  as  correspondence.  One  writer 
begins  a  defense  of  his  **  chemical  theory ''  with  the  words:  **The  Amtfrican 
Cyclopedia  admits  that  there  is  no  generally  accepted  theory  for  the  forma- 
tion of  mineral  coal.''  Another,  who  Is  a  local  authority  in  one  of  our  bltam- 
inous  coal  regions,  referring  to  a  writer  in  a  Western  Journal,  says :  «•  The 
main  points  in  his  article,  so  far  as  they  treat  on  the  origin  of  coal,  whether  ol>- 
Jectionable  or  not,  are  preferable  to  the  old  vegetable  theory ;  anything  is  bet- 
ter than  that.'' 
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hnndreds  of  feet  beneath  the  coal  measures  of  Clearfield 
and  Cambria  counties. 

Mr.  Ashburner'  s  report  of  the  progress  of  the  Anthracite 
Survey  will  be  found  on  pages  269  to  436.  This  part  of  the 
general  survey  of  the  State  has  been  carried  on  continu- 
ously, through  1885,  but  with  a  diminished  number  of  assis- 
tants, on  account  of  the  restricted  appropriation  ;  its  oper- 
ations being  confined  to  the  Western-Middle  and  Northern 
fields.  No  work  was  done  in  the  Pottsville,  Mine  Hill,  and 
Hazleton  basins.  A  large  amount  of  field  and  office  work 
was  accomplished,  and  a  great  mass  of  new  data  obtained, 
the  discussion  and  verification  of  which  for  publication  in 
topographical  sheets,  mine  sheets,  columnar  section  sheets, 
and  cross  section  sheets,  will  occupy  the  whole  of  1886  and 
part  of  1887. 

It  is  greatly  to  be  regretted  that  the  estimates  of  the 
State  Geologist  in  the  report  of  the  Board  to  the  Legisla- 
ture were  not  accepted  as  a  practical  basis  for  the  appro- 
priation. Had  they  been^  the  corps  in  the  Anthracite  re- 
gion would  have  been  kept  up  to  its  standard  size,  and  the 
amount  of  work  doubled.  The  Survey  of  the  Eastern 
Middle  field  would  have  been  finished,  and  that  of  the 
Southern  field  extended  from  Tamaqua  to  Pottsville.  The 
topographical  survey  of  the  Lackawanna  basin  would  have 
been  finished,  and  that  of  the  Pottsville  basin  well  under 
way.  As  it  is,  neither  of  these  important  parts  of  the  work 
can  be  undertaken  until  after  the  next  session  of  the  Legis- 
lature. 

Mr.  Ashburner' s  special  report  on  the/ossili/erous  lime- 
stones in  the  aTithracite  coal  measures  of  the  Wyoming 
valley  (on  pages  437-478)  includes  Prof.  Angelo  Heilprin's 
figures  and  descriptions  of  the  fossils.  No  attempt  has 
been  made  to  correlate  these  limestone  beds  in  eastern 
Pennsylvania  with  those  in  the  western  counties,  but  I  am 
convinced  that  they  represent  each  other,  at  least  in  part. 
If  the  300'  of  XII  and  300'  of  Allegheny  coal  series  (to- 
gether) are  equivalent  to  the  507'  of  XII  and  the  measures 
up  to  the  Baltimore  Mammoth  bed  (see  page  450) ;  if  the 
Mammoth  represent  the  Freeport  Upper  coal ;  if  the  over- 
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lying  1 16'  sandstone  represent  the  Mahoning ;  then  the  HiU- 
man  limestone  (370'-[-  above  the  Mammoth)  will  occupy 
nearly  the  horizon  of  the  Crinoidal  limestone ;  the  lime- 
stone 160'  higher  will  not  be  far  from  the  Elk-run  limestone 
of  Somerset  county ;  the  Canal  limestone^  130'  higher  (660' 
above  the  Mammoth),  will  fall  into  range  with  the  limestones 
above  the  Pittsburgh  coal-bed ;  and  the  Canal  and  Mill 
Creek  limestones  taken  together  will  fairly  represent  the 
dying  away  north-eastward  of  the  Great  limestone  of  the 
Monongahela  coal  series. 

The  TemvirkBb\e pot-holes  near  Scranton,  and  the  concealed 
gravel  pit  at  Nanticoke  which  produced  the  lamentable 
mine  disaster  in  December,  are  described  by  Mr.  Ashburner 
on  pages  615  to  636,  with  maps  of  the  localities. 

Mr.  Hill's  report  on  the  side  limits  of  the  old  buried  val- 
ley of  the  Susquehanna,  from  Pittston  to  Wilkes  Barre,  is 
given  on  pages  637  to  647.  Both  these  reports  exemplify 
the  value  of  numerous  bore-holes  in  advance  of  colliery 
workings. 

To  the  above  reports  is  appended  (page  647)  a  descrip- 
tion, by  Prof.  H.  C.  Lewis,  of  a  mineral  {dypplerite)  fre- 
quently found  in  the  peat-swamps  of  the  region,  which  has 
excited  a  certain  amount  of  speculation,  requiring  answers 
from  the  geologists  of  the  Survey. 

Mr.  Ashburner' s  report  on  the  Bernice  coal-has  in  in 
Sullivan  county  occupies  pages  459  to  490.  Mr.  E.  B. 
Harden' s  map  of  the  basin  will  be  found  in  the  atlas  to  the 
volume. 

The  report  on  the  Cornwall  ore  mine  in  Lebanon  county 
(pages  491  to  570)  was  prepared  by  Mr.  d'Invilliers  and 
myself  conjointly,  on  the  basis  of  his  own  surveys,  topo- 
graphical and  geological,  and  my  subsequent  observation 
of  the  mine.  I  have  given  my  reasons  for  believing  in  the 
existence  of  a  great  downthrow  fault,  of  which  he  was  not 
satisfied  in  his  own  mind,  and  for  which  he  did  not  wish  to 
assume  any  responsibility.  His  map  of  the  mine  in  its 
present  form  is  substituted  for  the  old  form  of  the  mine 
in  the  body  of  a  map  of  the  region  made  by  Mr.  W.  F. 
Shunk  of  Harrisburg,  and  communicated  by  the  company 
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for  the  use  of  the  Survey.  This  map  will  be  found  in  the 
atlas  to  the  volume.  The  illustrations  of  the  report  include 
two  photographic  views  of  models,  one  of  the  mine  alone 
made  by  Mr.  Harden,  the  other  of  the  mine  and  surrounding 
region  made  by  Mr.  A.  B.  Lehman.  Since  the  printing  of 
the  report  I  have  had  rock  slices  of  the  ore  and  limestone 
made  for  microscopic  study,  the  results  of  which  will  ap- 
pear in  the  next  annual  report. 

Mr.  Ashbumer's  special  report  on  the  kaolin  deposits  of 
Delaware  county  occupies  pages  593  to  614.  A  general 
map  of  the  kaolin  district,  on  both  sides  of  the  State  line, 
will  be  found  in  the  atlas  to  the  volume. 

I  have  ventured  to  prefix  to  that  report  (pages  571  to  592) 
a  somewhat  elaborate  discussion  of  the  probable  origin  of 
this  remarkable  and  valuable  mineral.  I  was  influenced 
by  the  fact  that  there  seems  to  prevail  a  complete  ignor- 
ance of  its  circumstances.  There  is  little  or  no  popular 
elementary  knowledge  of  the  subject,  and  therefore  a  large 
amount  of  private  observation  is  practically  thrown  away 
which,  if  communicated  to  geologists  would  throw  needed 
light  upon  it.  I  have  incidentally  suggested,  for  the  con- 
sideration of  my  fellow-workers  in  the  science  a  possible 
explanation  of  the  paradoxical  Wealden  clay  formation. 
But  there  is  another  suggestion  which  might  lead  to  better 
results,  viz:  The  possibility  that  the  Wealden  clay-beds 
were  originally  deposits  of  nearly  pure  feldspar  sand,  and 
that  they  have  been  kaolinized  in  place  under  cover  of  the 
great  porous  calcareous  Cretaceous  and  Tertiarj'-  formations. 

A  special  report  on  t\i^.  progress  of  the  tri angulations  of 
the  U.  S.  Coast  Survey  in  Pennsylvania  concludes  this 
volume.  The  atlas  map  which  accompanies  that  report 
shows  that  this  important  work,  absolutely  essential  for 
the  future  preparation  of  a  correct  State  map,  has  advanced 
so  far  as  to  cover  one  third  of  the  State. 

Topographical  Survey. 

1  he  South  Mountain  topographical  survey^  by  Mr.  A. 
E.  Lehman,  was  stopped  for  want  of  funds  in  1883.     But 
Mr.  Lehman  has  since  then  done  a  great  deal  of  voluntary 
c  • 


XXxiv  GEOLOGICAL  SURVEY  OF  PENN'a, 


REPORT  OF  THE  STATE  GEOLOGIST.  XXXV 

office- work,  plotting  survey  lines,  and  drawing  contour  lines, 
to  complete  the  unpublished  sheets.  He  has  even  revised 
some  of  the  old  lines,  and  run  such  new  ones  in  the  field  as 
he  considered  necessary  for  checking,  tying,  and  rounding 
his  work. 

The  accompanying  page  plate  shows  the  condition  of  the 
work.     (See  page  xxxiv.) 

The  plotting  of  sheets  C  3,  C  4,  D  3,  D  4,  and  D  5,  was  fin- 
ished  in  the  first  quarter  of  1886.  The  topography  of  D  3 
•was  drawn  in  the  summer;  that  of  C  3  is  in  progress.  The 
contouring  of  this  sheet  is  done  from  the  note-books  of  five 
field  assistants  engaged  at  various  times  and  places  since 
1875.  The  same  difficulties  are  encountered  in  finishing 
the  other  sheets,  as  Mr.  Lehman  works  alone,  without 
assistance.  The  larger  portion  of  D  4,  and  all  of  C  4,  have 
yet  the  topography  to  be  placed  upon  them  Sheet,  D  5  has 
most  of  its  topography  finished. 

What  instrumental  work  was  done  in  1885,  falls  within 
the  limits  of  C  3,  special  lines  of  survey  being  run  in  No- 
vember, on  account  of  recent  important  ore  developments 
north  of  Hunter's  run.  The  survey  was  extended  over 
Piney  mountain  to  locate  limestone  on  the  north  slope,  ex- 
posed in  1884.  and  furnishing  dips  which  are  of  special  im- 
portance, in  view  of  a  tradition  that  the  limestone  of  the 
Mountain  Creek  valley  appeared  in  the  bed  of  the  creek 
near  Hunter's  run.  Much  work  was  done  at  various  times 
during  the  year  meandering  the  creek  for  such  an  exposure 
unsuccessfully.  A  bore-hole  drilled  for  water  at  the  South 
Mountain  Iron  Company's  mines,  was  expected  to  strike 
limestone,  but  it  has  gone  down  400'  (that  is,  more  than 
200'  below  the  level  of  the  creek-bed)  without  giving  more, 
than  slight  indications  of  limestone.  .Further  up  the  val- 
ley however,  in  an  ore  bank  on  the  Lehman  tract,  a  decom- 
posed limestone  is  sufficiently  well  defined. 

Mr.  Lehman  made  in  the  summer  a  reconnoissance  of  the 
mountain  south-west  of  Boiling  Springs,  between  the 
Petersburg  road  and  Baltimore  turnpike,  for  the  purpose 
of  finding  traces  of  trap-rock,  which  would  suffice  to  con- 
nect the  Cumberland  county  trap-dyke  at  Boiling  Springs 
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with  the  trap  of  York  county ;  bnt  the  region  is  heavily- 
wooded  with  much  underbriisli,  and  the  ground  covered 
with  an  accuraularion  of  old  leaves.  The  fragments  of  trap 
are  very  small,  making  the  tracing  of  any  trap-dyke  diffi- 
cult. As  Prof.  Claypole,  in  Perry  county,  could  trace  the 
trap-dykes  across  the  valleys,  but  found  their  outcrops  on 
the  mountain  slopes  disappear  before  reaching  the  sum- 
mits (see  Report  2,)  and  concluded  therefrom  that  the  trap 
ascended  only  to  certain  heights,  it  is  possible  that  the 
Boiling  Spring  dyke  in  its  way  under  ground  through  the 
South  mountains  into  York  county  may  show  itself  only  in 
the  depressions  of  the  surface  and  not  show  itself  on  the 
high  grounds. 

Mr.  Lehman  spent  much  time  on  sheets  C  1  and  D  2  in 
a  fruitless  endeavor  to  indicate  on  the  blank  part  those 
sheets  the  geography  of  Cumberland  and  Franklin  to  the 
north  of  his  proper  field  of  work ;  that  is,  from  the  north 
foot  of  the  South  mountains,  across  the  valley,  to  and  be- 
yond the  Cumberland  Valley  railroad,  as  it  seemed  desira- 
ble to  place  on  these  sheets  all  the  streams,  roads,  and  vil- 
lages in  their  general  relation  to  the  South  mountain 
topography.  But  it  was  found  impossible  to  make  the  two 
county  maps  agree ;  and  when  the  railroad  survey  maps 
were  used  to  interpret  and  adjast  the  disagreements,  these 
were  only  increased  thereby  ;  nor  will  it  be  possible  to  pre- 
sent the  geographical  facts  of  the  Cumberland  valley  with 
any  correctness  until  a  scientific  topographical  survey  pt 
it  be  made,  based  on  triangnlation ;  but  for  that  wcrk  no 
money  has  been  appropriated.  These  sheets  are  there- 
fore left  blank  from  the  edge  of  Mr.  Lehman's  mountain 
topography  northward.  Had  the  blank  space  been  filled 
with  unreliable  geography,  the  errors  readily  detected  in  it 
bv  citizens  resident  in  the  district  would  have  iustlv  cast 
suspicion  of  inaccuracy  upon  the  mountain  work,  which  has 
been  done  with  such  deliberation  and  exactness.  These  two 
sheets,  C  1  and  D  2,  were  put  to  press  in  December,  1885. 

On  the  accompanying  page  plate  the  relation  of  the  sheets 
of  the  whole  South  mountain  survey  to  each  other  are  ex- 
hibited. 
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During  the  progress  of  the  Survey  from  1874  to  1883, 
numerous  special  topographical  surveys  were  made  in  sec- 
trons  of  the  State  where  such  surveys  were  absolutely  re- 
quired in  order  to  correctly  explain  the  geological  struc- 
ture. In  this  way  about  4,000  square  miles  of  the  State 
were  mapped  ;  but,  on  account  of  the  restricted  appropria- 
tions for  the  four  succeeding  years,  the  topographical  work 
of  the  Survey  has  been  restricted  to  portions  of  the  anthra- 
cite region. 

This  has  prevented  the  publication  of  a  nearly  completed 
topographical  map  of  Southern  Indiana  and  Northern 
Westmoreland  counties,  between  Johnstown  and  Pitts- 
burgh. The  topographical  map  of  the  South  mountain 
should  be  extended  southward  further  into  York  conntv, 
nd  north-westward  so  as  to  cover  the  limestone  and  iron  ore 
belt  of  the  Cumberland  valley,  as  was  done  in  Northamp- 
ton, Lehigh,  and  Berks  counties,  and  the  two  great  maps 
should  be  connected  by  a  belt  of  special  surveys  from 
Reading  to  Dillsburg,  in  York  county.  The  limestone  area 
west  of  Reading  requires  a  great  deal  of  special  surveying. 

The  geology  of  Delaware  and  Chester  counties  will  never 
be  understood  until  every  outcrop  in  the  region  is  carefully 
located,  the  relief  of  the  hills  and  valleys  measured,  and  a 
detailed  topographical  map  constructed. 

Materials  for  a  permanent  geological  map  of  the  State 
have  been  collected  during  the  course  of  the  Survey,  but 
we  have  no  good  topographical  base  for  such  a  map. 

The  best  map  of  the  State  which  is  now  in  existence  is 
based  upon  a  map  made  by  authority  of  the  Legislature, 
by  an  act  approved  the  19th  day  of  March,  1816.  This  was 
known  as  Melish's  State  map,  and  it  has  furnished  the 
frame-work  of  all  subsequent  maps  of  the  State  which  have 
been  constructed.  Not  a  single  county  in  the  State  is  cor- 
rectly mapped.  In  constructing  a  State  map,  these 
county  maps  might  be  combined,  but,  as  they  are  all  incor- 
rect, they  will  not  fit  together. 

Nothing  but  a  topographical  survey  of  the  State,  which 
will  establish  the  true  position  of  every  point  on  its  surface 
north  and  south,  and  east  and  west,  from  every  other  point. 
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and  the  elevation  of  every  point  on  its  surface  above  tide, 
will  furnish  its  citizens  with  correct  maps  of  their  respect- 
ive counties  and  townships,  on  which  the  county  surveyors 
can  then  place  the  land  lines,  and  geologists  and  mining 
engineers  the  mineral  areas  and  outcrops.  For  a  State  so 
rich  in  minerals,  this  is  a  need  of  the  first  importance,  and 
calls  for  it  have  been  made  from  every  quarter  of  the 
State.* 

The  topographical  maps  of  special  areas  already  com- 
pleted by  the  Geological  Survey  for  geological  j^urposes 
make  a  large  contribution  of  accurate  maps  toward  a  gen- 
eral topographical  survey  of  the  State,  which  would,  in 
fact,  be  only  a  continuation  of  the  work  of  the  Geological 
Survey. 

The  United  States  Coast  and  Geodetic  Survey,  under 
authority  of  Congress,  which  permits  them  to  assist  State 
Surveys,  is  now  making  a  triangulation  survey  of  the  State 
and  obtaining  the  true  longitude  and  latitude  of  prominent 
points  in  the  State,  so  that  this  work  will  form  a  valuable 
and  necessary  basis  for  the  topographical  mapping  which 
should  now  be  undertaken  by  the  Geological  Survey.  Some 
of  the  errors  on  the  best  State  and  county  maps  which  are 
now  in  existence,  which  have  been  detected  by  the  work  of 
the  United  States  Coast  Survey,  are  very  large. 

To  continue  the  topographical  surveys  already  begun  and 
to  commence  a  topographical  map  of  the  State,  which  shall 
be  published  on  a  scale  of  one  mile  to  one  inch,  an  annual 
appropriation  of  at  least  $10,000  will  be  required. 

The  United  States  Surveys,  acting  under  authority  of 
Congress,  in  the  latter  part  of  1884,  made  the  following 
propositions  to  the  Board  of  Commissioners,  the  acceptance 
of  which  by  the  Board  depended  upon  the  appropriation 
for  the  State  Survey  being  secured. 

(1.)  The  Director  of  the  United  States  Geological  Survey 
offered    to  cooperate  with  the  State  Survey  in  the  topo- 

*See  prooeediDgs  of  Convention  of  County  Surveyors  in  Harrisburg,  Octo- 
ber, 1880,  and  the  annual  report  of  188S  of  Hon.  J.  Simpson  Africa,  Secretary 
of  Internal  Affdira 
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graphical  mapping,  and  to  expend  in  the  State  $30,000  an- 
nually. 

(2.)  The  Superintendent  of  the  United  States  Coast  and 
Geodetic  Survey  offered  to  cooperate  with  the  State  Survey, 
and  expend  in  the  State  $5,000  annually,  in  order  to  push 
more  vigorously  the  triangulation  of  the  State,  which  must 
of  necessity  precede  the  topographical  work. 

The  Board  of  Commissioners  therefore  recommended  to 
the  Legislature  of  1885  that  an  appropriation  of  $10,000  a 
year  for  2  years  should  be  made.  Had  that  appropriation 
been  made,  it  would  have  effected  an  actual  annual  expendi- 
ture for  this  purpose  of  $45,000  by  the  three  Surveys  (State 
Geological  Survey,  $10,0(X) ;  U.  S.  Geological  Survey, 
$30,000 ;  U.  S.  Coast  and  Geodetic  Survey,  $6,000)  in  ex- 
tending the  triangulation  and  the  topographical  mapping 
of  the  State,  which  has  been  slowly  progressing  for  the 
past  ten  years ;  the  triangulation  work  under  the  Coast  Sur- 
vey, and  the  topographical  work  under  the  State  Survey. 
It  is  estimated  that  this  mapping  of  the  State  will  cost 
$600,000,  which  would  require  the  State  Survey,  unaided, 
fifty  years  to  complete,  with  an  annual  expenditure  of 
$10,000.  Such  an  independent  Survey  is  now  being  made 
by  the  State  of  New  York. 

If  the  Pennsylvania  Survey  shall  cooperate  with  the  U.  S. 
Surveys,  the  work  can  be  completed  in  ten  years,  with  an 
expenditure  on  the  part  of  the  State  in  that  time  of  about 
$100,000. 

The  U.  S.  Surveys  are  now  cooperating  with  the  State 
Surveys  of  New  Jersey  and  Massachusetts  in  constructing 
topographical  maps  of  those  States.  In  the  case  of  these 
two  States,  however,  the  U.  S.  Geological  Survey  is  not 
bearing  as  great  a  proportion  of  the  expense  of  the  work 
as  was  proposed  for  Pennsylvania. 

Very  respectfully, 

J.  P.  Lesley, 
^ate  Geologist. 


•      ■      fc 
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Chapter  I. 
On  the  oil  horizons  established  by  old  and  new  borings. 

The  appropriation,  made  by  the  Legislature  of  1883  for 
the  Geological  Survey  of  Pennsylvania  provided  for  con- 
tinuing work  in  certain  portions  of  the  State  not  embracing 
the  oil  regions,  consequently  that  branch  of  the  survey  had 
to  be  discontinued.  After  an  interruption  of  over  two  years, 
the  present  investigations  were  authorized  by  Act  of  the 
last  General  Assembly,  and  work  commenced  on  the  16th  of 
July,  1886,  with  the  requirement  that  a  preliminary  report 
of  progress  should  be  furnished  for  the  annual  report  of 
1886. 

The  years  1883-4-5  were  crowded  with  occurrences  of 
great  import  to  the  oil  and  gas-producing  industries. 
The  history  of  these  years  records  the  outlining  and 
steady  decadence  of  the  great  Bradford  and  Allegany  oil 
fields;  the  renewal  of  extensive  operations  in  the  white 
sands  of  the  Venango-Butler  group ;  the  rise  and  fall  of 
Cooper,  Henry's  Mill,  Ball  town  and  Ward  well  pools,  in 
Warren  and  Forest  counties ;  the  rocket-like  career  of 
Thorn  Creek,  in  Butler  county;  the  opening  of  Kinzua,  in 
Warren  county  ;  Red  Valley,  in  Venango  county  ;  Cogley 
Run,  in  Clarion  county  ;  Washington,  in  Washington 
county,  and  several  other  pools  and  extensions  in  the  old 
districts.  It  has  also  witnessed  a  most  astonishing  devel- 
opment of  natural  gas  territory  surrounding  the  city  of 
Pittsburgh,  and  an  unexampled  diligence  and  perseverance 
of  prospectors  for  oil  and  gas  in  every  portion  of  the  State 
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w;^sV'of   the    Tnoiintains,  and   in  the  adjoining  Common- 
Wf^jlitlis  of  Ohio  and  West  Virginia. 
^  '...'Jn  a  field  so  broad  geographically,  and,  in  consequence  of 
•*-jS«ch  wide-spread  developments,  presenting  so  many  debat- 

i/'Vable  subjects  for  geological  investigation,  a  great  deal  of 
time  is  necessarily  consumed  in  collecting  the  facts  which 

y  aflfect  so  wide  a  scope  of  country,  and  so  thick  a  vertical 
section  of  rocks,  before  the  svstematic  studv  of  the  struc- 
ture  can  be  resumed,  which  was  interrupted  more  than  two 
years  ago.  This  preliminary  report,  now  called  for,  must 
be  confined  to  a  brief  general ization  and  illustration  of  the 
most  important  recent  revelations  of  the  drill. 

The  defective  manner  in  which  ordinary  well  records  are 
kept  (being  generally  only  memoranda  of  a  few  meager 
facts  which  the  driller  thinks  it  worth  while  to  charere  his 
memory  with),  and  the  difficulty  of  obtaining  even  these 
fragmentary  data  for  publication,  have  been  frequently  re- 
ferred to  in  former  reports.*  What  has  there  been  said 
may  be  reiterated  with  emphasis  here,  and  with  regret  I  am 
compelled  to  add  that  the  disj^osition  to  secrete  facts  and 
to  mystify  everything  connected  with  new  developments, 
which  manifested  itself  only  in  exceptional  instances  a  few 
years  ago,  has  now  become  one  of  the  most  pronounced 
chai^acteristics  of  every  shrewd  prospector  for  oil  or  gas. 
Every  new  well  is  watched  by  a  score  of  outsiders,  eager  to 
secure  a  hint  or  suggestion  that  may  enable  them  to  profit 
by  the  results  of  a  venture  in  which  they  have  not  risked 
a  dollar,  and  who  will  not  hesitate  to  use  any  information 
obtained,  even  to  the  detriment  and  financial  harm  of  the 
parties  furnishing  it.  Therefore,  it  seems  natural  for  it  to 
have  become  an  instinct  of  self-protection  that  every  oper- 
ator should  carefully  guard  the  secrets  disclosed  by  his 
drill.  Business  prudence  forbids  any  revelations  that  might 
furnish  others  a  clew  to  work  upon.  Few  extensive  oper- 
ators now  attempt  to  disguise  these  facts,  and  tliej^  frankly 
tell  me  they  will  furnish  no  precise  information,  concerning 
their  wells,  except  with  the  explicit  understanding  that  the 

•See  Reports  I,  p.  42 ;  V,  Chapters  XVIII  and  XIX  ;  I^,  p.  882. 
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facts  shall  be  used  only  for  geological  purposes,  and  the 
deductions  published  in  a  general  way,  without  such  de- 
tails as  might  betray  the  exact  source  from  which  the  in- 
formation came.  In  justice,  then,  to  those  who  have  given 
their  records  without  reserve,  I  have  decided  not  to  pub- 
lish any  detailed  well  records  at  present,  but  will  retain 
them  for  a  future  report,  when,  no  doubt,  the  restrictions 
will  be  removed  from  many  of  those  which  cannot  be  pub- 
lished now. 

Although  several  new  oil  and  gas  pools  have  been  opened 
in  Pennsylvania  since  the  oil  region  survey  terminated,  at 
the  close  of  1882,  there  is  nothing  to  indicate,  (as  far  as  pres- 
ent information  goes)  that  any  new  productive  horizons 
have  been  discovered.  This  is  rather  remarkable  when  we 
consider  the  possibilities,  and  how  persistently  the  drill 
has  been  at  work  in  every  part  of  the  country — all  along 
the  right  and  left  flanks  of  the  oil  belts  extending  from  St. 
Joe  in  Butler  county  to  Allegany  county,  New  York — 
on  the  north-east  and  south-west  ends  of  them — seeking  for 
pools  within  their  acknowledged  limits — and  delving  deep 
below  the  rocks  now  producing,  in  quest  of  other  oil  sands ; 
but,  nevertheless,  it  appears  to  be  true,  as  a  review  of  the 
several  oil  districts  in  detail  will  show. 

In  the  black  sands  of  Bradford  and  Allegany  nothing 
new  has  been  found.  Many  wells  in  Bradford  have  been 
deepened  to  the  so-called  Bradford  Fourth  sand  ;  but  this 
rock  is  merely  the  lower  member  of  the  Bradford  group  of  oil 
rocks,  as  the  Butler  Fourth-sand  is  the  lower  member  of 
the  Butler  group.  All  the  shows  of  oil  or  gas  obtained  by 
drilling  below  the  Bradford-sand,  in  the  southern  part  of 
McKean  county  and  in  Elk  county,  can  be  referred  either 
to  the  Sartwell-Smethport  sand  or  the  gas-sand,  found  as 
early  as  1882,  in  the  Roy  and  Archer  and  several  other 
wells  in  Elk  county. 

In  the  white  sands  of  Warren  and  Forest  counties,  all  the 
new  production  of  either  oil  or  gas  comes  from  some  one  or 
other  of  the  previously  described  horizons;  no  productive 
white  sand  beds  have  been  found  below  the  Cooper-Blue  Jay- 
sand. 
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Deep  drilling  south-westerly  from  Forest  county,  extend- 
ing through  Pittsburgh  and  Washington  county  to  the  West 
Virginia  line,  has  brought  to  light  no  productive  rocks 
below  the  Venango-Butler  group,  except  in  one  spot  in 
Cranberry  township,  Venango  county,  where  a  large  deposit 
of  gas  is  found  in  an  extension  of  one  of  the  sands  of  the 
Warren  group.  Southwtist  of  Cranberry,  (so  far  as  can  be 
learned,)  no  favorable  indications  have  been  seen  in  any  of 
the  deep  wells,  after  passing  through  the  Venango-Butler 
group.  It  is  evident  that  the  gas  wells  surrounding  Pitts- 
burgh di*aw  from  the  sands  of  this  group  and  from  sands 
aJ)OM  it,  as  do  also  the  oil  and  gas  wells  of  Allegheny, 
Beaver,  and  Washington  counties. 

There  is  no  new  feature^  then,  to  be  introduced  in  carrying 
forward  a  study  of  the  oil  and  gas  rocks.  The  develop- 
ments of  two  years  and  ten  months,  during  which  time 
7,200  oil  wells  and  over  100  gas  wells  have  been  drilled, 
amply  confirm  the  views  of  stratigraphical  order  advocated 
in  former  reports,  and  we  now  have  the  means  of  tmcing 
the  Venango-Butler  group  quite  satisfactorily  from  Tidi- 
oute,  in  Warren  county,  to  Washington,  in  Washington 
county,  a  distance  in  a  direct  line  of  about  115  miles.  Of 
course,  the  group  varies  greatly  in  details  of  structure  in 
different  parts  of  this  area,  as  has  already  been  shown,* 
and  as  new  developments  prove;  but  wherever  it  is 
present,  it  can  be  easily  recognized  in  every  properly-kept 
well  record. 

Every  division  of  the  oil  region  has  at  least  one  well-de- 
fined, persistent  stratum,  upon  or  near  the  surface,  which 
may  serve  as  a  guide  or  key  in  studying  the  geological 
structure  below  it.  Such  is  the  Olean-conglomerate  all 
along  its  north-western  and  northern  outcrop;   the  Sub-  '| 

olean  in  the  counties  of  Forest  and  Elk  ;  the  Ferriferous 
limestone  in  the  Butler  and  Clarion  fields  ;  the  Pittsburgh 
coal-bed  and  Crinoidal  limestone  in  the  vicinity  of  Pitts- 
burgh.    All  these  rocks  are  deeply  buried  in  the  south-  ^1 
western  angle  of  the  State,  but  their  gradual  rise  north-           ^^ 

*Report  I,  pp.  23-32,  and  I*,  Chapters  XIV  and  XIX,  and  Charts. 
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eastward  brings  them  one  after  the  other  up  to  daylight. 
First,  the  Pittsburgh  coal  runs  up  into  the  hill-tops  and 
disappears,  only  a  few  of  the  highest  knobs  north  of  Pitts- 
burgh being  high  enougli  to  hold  it ;  tlien  the  Ferriferous 
limestone,  in  like  manner,  runs  out  before  reaching  the  Al- 
legheny river  near  Franklin  ;  while  the  Olean-conglomerate 
reaches  as  far  north  as  Meadville,  in  Crawford  county,  and 
trends  oflf  towards  the  north-eaat  with  an  irregular  outcrop 
to  Olean  Rock  City,  in  Cattaraugus  county,  N.  Y.,  just  north 
of  the  Pennsylvania  line,  where  its  top  has  an  altitude  of 
2,400  feet  above  ocean  level.  In  Boyd  Hill  well,  Pittsburgh, 
the  probable  representative  of  this  rock  is  found  224  feet 
below  ocean  level,  or  2,624  feet  lower  than  at  Olean  Rock 
City.  Hence  (the  distance  between  the  points  being  about 
131  miles),  the  south-westerly  dip  of  the  stratified  rocks 
averages  about  20  feet  to  the  mile. 

To  show  the  positions  of  the  several  oil  and  gas-produc- 
ing horizons  relatively  to  these  key-rocks,  in  localities  where 
the  latter  are  well  defined,  three  vertical  sections  are  ap- 
pended, all  drawn  to  a  scale  of  1  inch  to  200  feet. 

No.  1  shows  the  mean  distances  between  the  base  of  the 
Olean-conglomerate  and  the  several  oil  and  gas  horizons 
noted,  as  indicated  by  records  of  wells  drilled  throughout 
the  range  of  country  to  the  north-west  and  north  of  the  Fer- 
riferous limestone  outcrop,  and  where  the  Olean  is  plainly 
recognizable.  The  Sub-olean  is  placed  in  the  section  50 
feet  below  the  Olean — the  usual  interval  north-west  of  the 
Allegheny  river.  But,  going  south-easterly  from  Great 
Bend  and  Warren,  this  interval  widens  until  it  attains  a 
thickness  of  200  feet  or  more  on  the  Clarion  river.  Hence, 
the  Olean-conglomerate  is  not  as  desirable  a  base  for  com- 
parison as  the  Sub-olean  in  Elk  county  and  the  sourh- 
eastern  part  of  Forest ;  for  the  facts,  as  far  as  can  .be 
judged,  indicate  that  the  strata  underlying  this  wedge- 
shaped  interval  between  the  ovoidal  pebble  (Olean)  and  fiat 
pebble  (Sub-olean)  conglomerates,  run  more  nearly  parallel 
with  the  Sub-olean  than  the  Olean.  Quite  possibly,  then, 
as  this  section  is  keyed  upon  the  Olean,  som^of  the  hori- 
zons which  appear  upon  it  60  or  100  feet  apart  may  fall  into 
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one  and  the  same  plane  when  an  allowance  is  made  for 
thickening  or  thinning  of  the  intervening  rocks  in  proper 
directions.  It  should  be  understood  that  these  sections 
have  not  been  adjusted  to  show  equivalenceof  strata  ;  they 
simply  give  a  general  idea  of  the  approximate  relations  of 
the  several  oil  and  gas  horizons  to  certain  well-known  rocks 
upon  or  near  the  surface. 

No.  2  has  the  Ferriferous  limestone  for  its  datum,  and  is 
applicable  principally  to  the  wells  of  Butler  and  Clarion 
counties.  This,  also,  must  not  be  taken  as  a  scale  of  abso- 
lute distances  ;  for,  although  the  Ferriferous  is  one  of  the 
most  reliable  guides  the  driller  has  ever  had  to  work  from, 
,the  interval  between  it  and  the  oil  group  varies  considera- 
bly in  different  places,  as  mentioned  in  I^,  page  100. 

No.  3,  commencing  with  the  Pittsburgh  coal,  and  also 
carrying  the  Crinoidal  and  Ferriferous  limestones,  is  in- 
tended more  especially  to  represent  the  section  in  the  im- 
mediate vicinity  of  Pittsburgh.  Here  the  Ferriferous  is 
very  thin,  and  has  been  noticed  only  in  three  or  four  wells, 
where  it  was  closely  watched  for  at  the  proper  spot.  The 
horizons  noted  on  this  section  will  need  considerable  ad- 
justment to  bring  them  into  their  proper  places.  First,  be- 
cause the  Ix)wer  Barren  Measures  beneath  the  Pittsburgh 
coal  vary  in  thickness  in  diflfei:ent  places,  being  about  600 
feet  thick  in  Allegheny  county  (Q,  i).  24),  540  feet  in  Beaver 
county,  and  425  feet  in  Greene  county  (K,  p.  75).  And, 
second,  on  account  of  a  new  element  coming  into  the  section 
— the  Silicious  limestone — first  detected  in  Bovd  Hill  well 
in  1877,  and  since  found  in  every  well  near  Pittsburgh  and 
Little  Washington,  where  the  sand-pumpings  have  been 
tested.  It  is  mistaken  for  a  fine  white  sand  by  well-borers ; 
and,  as  it  lies  within  the  range  of  the  mountain  sands,  they 
nejver  rake  the  trouble  to  preserve  specimens  of  it.  Hence, 
we  have  no  means  of  determining  at  what  point  north  of 
Pittsburgh  it  first  appears,  or  how  much  it  may  affect  the 
parallelism  of  the  strata  above  and  below  it.  It  is  evident, 
therefore,  that  any  oil  or  gas-rock  underlying  the  area  cov- 
ered by  this  section,  may  be  found  in  one  place  at  a  certain 
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distance  below  the  Pittsburgh  coal,  and  in  another  place  at 
a  greater  or  less  distance  below  it. 

By  placing  these  three  sections  side  by  side,  with  the 
top  of  the  Venango-Butler  group  coinciding  with  a  hori- 
zontal line,  a  very  good  general  idea  of  the  relative  positions 
of  the  different  oil  and  gas  horizons  may  be  obtained. 
They  also  show  how  far  our  deepest  wells  have  been  sunk 
below  the  productive  sands. 

It  will  be  observed  that  Fagundus  well,  No.  37,  Warren 
county,  (I*,  p.  283,)  is  about  as  deep,  geologically,  at  2,700 
feet,  as  the  Buchannon  well,  in  Washington  county,  (the 
deepest  bore  hole  in  Pennsylvania,)  at  4,303  feet — provided 
all  the  formations  pierced  run  through  regularly ;  and 
that  the  Watson  well,  near  Titusville,  (P,  p.  154—1*,  p.  284,) 
in  drilling  to  a  depth  of  3,053  feet,  passed  through  about 
1,100  feet  of  still  deeper  and  older  rocks,  which  have  never 
been  reached  by  any  other  well  on  the  Pennsylvania  oil 
belt.  Fagundus  well.  No.  37,  although  located  but  a 
few  miles  west  of  Warren  and  Forest  developments,  found 
scarcely  a  trace  of  any  of  the  sands  so  prolific  at  Clarendon, 
Cherry  Grove,  Cooper,  and  Balltown,  having  drilled 
through  nothing  but  homogenous  masses  of  slates  and 
shales  after  leaving  rhe  Venango  oil  group.  Clapp  well. 
No.  45,  (I*,  p.  280,)  drilled  to  within  150  feet  of  the  same 
depth,  gave  a  similar  record.  Some  sands  were  reported 
in  the  Watson  well.  Thev  mav  be  there  or  they  mav  not. 
The  history  of  the  well  is  so  unreliable  that  it  would  not  be 
wise  to  bfise  any  conclusions  upon  it.  We  only  know, 
that  after  casing,  it  was  a  perfectly  dry  hole,  giving  no  indi- 
cations of  either  water,  oil,  or  gas.  The  record  of  Buchan- 
non well  has  not  been  published,  but  the  version  of  it  in 
my  possession  is  so  indefinite,  I  am  forced  to  conclude  there 
were  no  thick,  massive,  or  well  defined  sandstones  encount- 
ered below  the  sandy  measures  lying  in  the  horizon  of  the 
Venango-Butler  group. 

In  comparing  sections  of  this  kind,  it  will  not  be  expected 
by  any  one  acquainted  with  the  variability  of  sedimentary 
deposits,  that  the  vertical  distance  between  any  two  well- 
known  layers  will  be  exactly  the  same  in  every  place  where 
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it  is  measured.  If  two  rocks  were  deposited  in  absolutely 
parallel  planes,  with,  say,  1,0(X)  feet  of  sand  and  mud  be- 
tween them — in  some  places  800  feet  of  sand  and  200  feet  of 
mud,  in  others  800  feet  of  mud  and  200  feet  of  sand — the 
original  parallelism  would  be  completely  destroj'ed  wlien 
the  whole  mass  became  indurated  into  sandstone,  and  slate, 
and  shale,  by  reason  of  the  unequal  shrinkage  of  the  com- 
pressible mud  and  almost  non-compressible  sand.  But  the 
materials  were  not  deposited  evenly,  except  over  limited 
areas  and  in  certain  directions.  An  evident  change  in  struc- 
ture occurs  in  going  transversely  to  the  general  lines  of  de- 
position, as  has  been  shown  in  former  reports. 

The  Fii-st  oil-sand  of  the  Venango  group  can  be  traced, 
without  a  possibiliry  of  mistake,  from  Oil  creek,  where  it 
received  its  name,  to  Bullion,  near  the  north  line  of  Builer 
countv.  There  the  Ferriferous  limestone  comes  into  the 
hill-tops,  and  the  interval  between  the  two  njcks  is  about 
870  feet.  All  along  the  nortli- westerly  edge  of  the  Butler 
oil-field  this  interval  remains  remarkably  constant,  and  the 
identification  of  the  First-sand  is  further  assured  by  the 
presence  of  the  great  red  rock  above  it,  which,  in  turn,  is 
overlaid  by  the  Pithole  grit.  At  Petrolia  the  red  rock  has 
disappeared,  and  the  Pithole  grit,  if  present,  is  not  in  its 
normal  position  :  for,  in  place  of  a  central  sjindstone  in  the 
shales  between  mountain  sands  and  oil  group,  two  sand- 
stones appear,  one  above,  the  other  below  the  center.  The 
lower  one  is  the  rock  erroneously  called  bj'^  drillers  "First 
sand."  (See  I*,  pp.  107-110.)  The  interval  here  between 
the  Ferriferous  limestone  and  true  First-sand  is  about  920 
feet. 

In  the  Thorn  Creek  district,  the  so-called  ''  Gas-Sand  " 
lies  about  770  feet,  and  the  ''Hundred-Foot  Rock"  920  feet 
below  the  Ferriferous  limestone,  and  the  general  features  of 
structure,  traced  through  wells?  from  Petrolia  to  Thorn 
creek,  force  the  conclusion  that  the  Thorn  Creek  '*  Gas- 
Sand"  is  the  equivalent  of  the  "Petrolia First-Sand,"  and 
the  "Hundred-Foot  Rock"  the  true  First-sand  of  the  Butler 
oil  group,  which  has  gradually  augmented  in  thickness  in 
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going  in  a  sonth-westerlj'  direction.  So  far,  then,  the  trac- 
ing of  the  Venango- Butler  group  can  hardly  be  questioned. 

Now,  advancing  to  Pittsburgh,  we  And  the  great  *' Salt- 
water rock"  100  feet,  more  or  less,  in  thickness,  with  its  top 
about  800  feet  below  the  Ferriferous  limestone,  and  a  repre- 
sentative of  the  Thorn  Creek  gas-rock  from  70  to  80  feet 
above  the  salt-water  sand.  This  structure  is  somewhat  dif- 
ferent from  that  shown  in  the  Bovd  Hill  well,  but  it  is 
amply  confirmed  by  many  wells  since  drilled  near  Pitts- 
burgh, and  between  the  city  and  Thorn  creek.  These  facts 
seem  to  furnish  a  reasonable  demonstration  that  the  Pitts- 
burgh Salt-water  rock  is  the  southern  representative  of  the 
First-sand  of  the  Venango-Butler  oil  group. 

Several  deep  wells  have  been  sunk  in  Pittsburgh  and 
vicinity,  and  it  is  now  known  that  other  sands,  with  red 
rocks,  similar  in  appearance  and  constitution  to  the  Vemin- 
go-Butler  group  as  it  appears  along  its  south-eastern  edge, 
(see  I*,  Plate  V),  extend  down  about  500  feet  from  the  top 
of  the  Salt-water  sand,  and  then  come  the  typical  Chemung 
slates  and  shales,  which  have  been  pierced  to  a  depth  of 
about  950  feet,  with  scarcely  a  change  worthy  of  note. 

It  mav  be  noticed  on  Section  No.  3,  that  all  the  oil  and 
gas  horizons  of  Westmoreland,  Allegheny,  Beaver'  and 
Washington  counties  come  either  in  the  range  of  the  Ve- 
nango-Butler group  or  some  of  the  sands  above  it.  When 
the  proper  adjustments  are  made  for  the  varying  thick- 
nesses of  intervening  strata,  some  of  the  horizons  noted  will 
1)6  found  to  belong  to  the  Thorn  Creek  gas-rock,  while  the 
majority  of  them  will  fall  into  the  Venango-Butler  group. 
The  data  required  to  work  out  these  adjustments  satisfac- 
torily have  not  yet  been  obtained.  In  fact,  drillers  do  not 
keep  their  records  in  this  portion  of  the  well  with  sufficient 
accuracy  for  the  purpose,  even  if  there  was  no  disposition 
to  make  matters  as  cloudy  for  others  as  possible.  Large 
gas  wells  must  stop  drilling  when  heavy  flows  are  struck, 
and,  generally,  they  are  only  a  few  feet  in  the  sand.  Con- 
sequently, nothing  can  be  learned  of  the  strata  below,  and 
where  the  rocks  are  so  variable,  and  gas  is  found  at  differ- 
ent horizons  in  them,  a  satisfactory  comparison  of  one  well 
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with  anorlier  cannot,  be  made  unless  the  records  liave  been 
kept  in  minute  detail  for  two  or  three  hundred  feet  above 
the  gas-sand. 

Over  thirty-five  wells  have  been  drilled  in  the  Murrays- 
ville  district,  and,  as  all  of  them  are  large  producers,  there 
has  been  no  necessity  for  drilling  through  tliesand.  Hence, 
the  sub-structure  there  is  still  unknown.  The  identity 
of  the  gas-sand  with  the  upper  member  of  the  Venango- 
Butler  group  seems  to  be  confirmed,  however,  by  its  posi- 
tion in  relation  to  the  Crinoidal  limestone,  Mahoning  sand- 
stone and  Freeport  coal.  There  is  a  sandstone  about  80 
feet  above  its  cop,  which  seems  to  correspond  to  the  Tliorn 
Creek  gas-rock,  and  which  here  contains  some  salt-water. 

One  important  fact  appears  to  be  pretty  clearly  estab- 
lished bv  the  wells  alreadv  drilled  in  Pittsburgh  and 
vicinity.  Wherever  the  sand  has  a  thickness  of  from  80 
to  110  feet,  it  is  always  a  reservoir  for  salt  or  brackish 
water.  For  this  purpose  it  is  constitutionally  adapted,  be- 
ing rather  a  coarse-grained,  even-textured  sand-bed  through- 
out. It  has  the  appearance  of  having  been  deposited  as  an 
extensive  sand-bar  at  the  mouth  of  some  ancient  stream, 
where  the  current,  freighted  with  a  large  percentage  of 
sandt  met  its  first  check  and  dropped  its  coarser  materials, 
evenly-assorted  and  in  large  quantities.  Around  the  edges 
of  the  central  mass  are  a  number  of  irregular  thinner  beds, 
which  often  contain  coarser  materials,  and  seldom  have  an 
individual  thickness  of  over  20  feet.  Some  one  or  other  of 
these  layers  ai)pears  to  furnish  the  gas  at  Tarentum,  Leech- 
burg,  Murraysville  and  Washington. 

A  rock  so  uniform  in  thickness  and  structure  naturally 
affords  a  good  medium  for  the  circulation  of  fluids,  and  as 
it  has  a  dip  towards  the  south-west  and  south,  quite  suflS- 
cient  to  sensibly  affect  any  possible  underground  drainage, 
it  is  not  surprising  that  it  is  now  full  of  water  in  the  neigh- 
borhood of  Pittsburgh.  It  appears  to  have  been  traced 
in  maximum  thickness  from  Butler  to  McKeesport,  a  dis- 
tance of  about  40  miles;  and  wherever  drilled  into  along 
the  trend  of  best  development,  presents  very  similar  char- 
acteristics.    An  average  dip  of  20  feet  to  the  mile  (it  prob- 
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ably  exceeds  20  feet  in  this  direction)  would  give  the  under- 
ground water-beds  in  the  sandstone  a  fall  of  8()0  feet  in  40 
miles — 100  feet  more  fall  than  tlie  waters  of  the  Ohio  river, 
have  in  traveling  about  2,100  miles,  from  Pittsburgh  to  the 
Gulf  of  Mexico.  The  upper  and  lower  oils  in  the  Gordon  well, 
at  Washington,  Wnshington  county,  come,  if  we  judge 
correcth%  the  first  from  a  sandstone  lying  at  the  top,  the  sec- 
ond from  a  sandstone  lying  in  the  central  part  of  the  Ve- 
nango-Butler group  as  represented  at  Pittsburgh;  and  it 
is  quite  probable  that  other  sands  belonging  to  the  bottom 
of  the  group  will  be  found,  before  the  homogeneous  under- 
shales  are  reached.  But,  as  no  wells  have  vet  been  drilled 
deeper  in  that  locality,  and  the  record  of  this  well  is  not 
given  with  sufficient  clearness  and  detail  to  justify  basing 
conclusions  upon  it,  we  must  await  further  developments 
by  deep  drilling  between  Little  Washington  and  Pittsburgh, 
before  the  exact  horizons  in  this  new  field  can  be  definitely 
announced. 

To  the  noi-th  and  north-west  of  Washington,  as  far  as 
Beaver  Falls  and  Smith's  Ferry,  all  the  developments  in- 
dicate that  important  changes  occur  in  the  stratigraphical 
order  and  chai-acterof  the  rocks  below  the  Mountain  sands. 
This  is  a  part  of  the  middle  ground  between  the  south-west- 
erly dipping  deposits  of  Pennsylvania  and  the  south-east- 
erly sloping  rocks  of  Ohio  ;  and  it  will  be  strange  indeed  if 
the  whole  country  south  of  the  Ohio  river  and  west  of  the 
Monongahela,  sliould  not  be  found  to  be  a  region  of  consid- 
erable irregularity  of  structure,  reqiiiring  a  close  and  pa- 
tient study  of  details  and  the  drilling  of  many  unsuccessful 
wells  to  unravel  its  intricacies. 


Chapter  II. 

On  the  question  of  the  probable  increase,  stabilty^  or  de- 
cline of  the  oil  production  in  the  different  districts,  as  in- 
dicated by  their  more  recent  history. 

The  diflferent  petroleum  districts  are  shown  upon  a  map 
accompanying  this  report,  prepared  in  1884,  and  printed  in 
Januarj^N^SSo,  for  the  service  of  the  Oil  Region.  A  part  of 
the  edition  WRS  reserved  for  publication  witli  this  report; 
and,  upon  the  sheets  thus  reserved,  all  the  oil-i)Ools  dis- 
covered since  the  map  was  drawn,  and  the  gas-pools  now  so 
largely  exploited,  have  been  printed  in  separate  tints.  A 
new  and  more  detailed  map  of  the  region  will  be  prepared 
for  the  report  of  1886.* 


The  Allegany  District,  (of   New  York.)  although  not 
directly  within  the  province  of  the  Pennsylvania  Geological 

*Before  the  sarvey  of  the  Oil  Reffiona  was  interr  opted,  I  bad  oontem  plated 
the  preparation  of  auch  a  map  of  Western  Pennsylvania  and  New  York,  with 
all  the  known  oil  areas  located  upon  it  in  their  true  geographical  relations ; 
but,  as  a  new  draft  needed  to  be  constructed  for  the  purpose,  the  exact  loca- 
tion and  outlining  of  the  numerous  pools,  (some  of  them  almost  forgotten)  re- 
quired more  time  and  assistance  than  I  had  at  my  disposal.  In  18S4,  however, 
such  a  map  was  undertaken  at  the  general  office  of  the  Survey  in  Philadel- 
phia, on  which  I  might  locate  the  oil-pools  ;  but,  as  my  connection  with  the 
Survey  had  been  suspended,  my  occupations  permitted  me  neither  to  super- 
intend personally  the  construction  of  the  map,  nor  to  give  all  the  necessary 
attention  required  for  the  exact  correction  of  the  proof-sheets.  In  spite  of  these 
drcunistances  it  is,  without  doubt,  the  most  reliable  sketch  of  the  oil  regions 
ever  published,  and,  if  the  oil-pool  areas  be  r«»garded  as  they  are  intended  to 
be,  simply  as  indications  of  the  localities  where  oil  has  been  found,  and  not  as 
exhibiting  the  absolutely  exact  outlines  of  the  areas  of  production,  it  will  ful- 
fill its  purpose  and  be  appreciated  by  those  who  have  occasion  to  use  it.  No 
correction  of  the  original  map,  printed  in  January,  1885,  ould  be  made ;  but 
only  a  second  printing  upon  them  of  additional  matter,  as  described  in  the 
text.  These  additions  may  be  said  to  represent  the  results  of  two  yean*  ac- 
tive work  by  the  drill,  siy  from  November  1st,  1883,  to  November  1st,  1885 ; 
and  the  present  chapter  is  a  brief  review  of  each  district  separately,  as  marked 
upon  the  map,  cr>nsidering  what  the  developments  indicate  geologically  in  re- 
lation to  further  extensions  of  productive  areas  and  the  continuance  of  future 

supplies. 

(12) 
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Survey,  is  intimately  connected  with  the  i)etroleum  inter- 
ests of  our  State — its  wells  being  largely  owned  and  managed 
by  Pennsylvania  men,  and  its  geology  a  counterpart  of  our 
own — and  naturally  comes  first  under  consideration  in  any 
discussion  of  the  Pennsvlvania  oil  fields. 

Some  enlargement  of  its  territory  (not  shown  on  the  map) 
has  more  recently  been  made,  principally  towards  the  north, 
between  the  main  pool  and  Clarksville  and  Niles ;  but 
while  the  acreage  has  been  thus  considerably  increased, 
the  wells  are  small.  The  field  has  now  been  so  thoroughly 
developed  within  its  acknowledged  boundaries  and  in  all 
directions  around  its  edges,  without  encouraging  indications 
of  new  oil  horizons  or  of  important  extensions  of  the  old, 
that  there  is  little  prospect  of  maintaining,  much  less  of  in- 
creasing its  present  output. 

This  has  been  one  of  the  most  remarkable  districts  of  the 
oil  regions.  Situated  in  an  old  settled  country,  with  good 
highways,  and  fair  railroad  facilities,  which  were  speedily 
increased  by  interlacing  lines  of  narrow-gauge  railroads, 
making  every  portion  of  it  conveniently  accessible ;  with 
shallow  and  exceptionally  favorable  drilling,  where  it  was 
possible  to  drill  two  wells  a  month  with  one  set  of  tools ; 
with  a  sand  like  Bradford,  brown,  homogeneous,  fairly 
uniform  in  thickness  and  always  remuneratively  productive 
within  defined  limits  ;  and  coming  into  notice  as  it  did  at  a 
time  when  there  was  considerable  well  machinery  not  very 
profitably  employed  in  the  Bradford  region,  and  a  scarcity 
of  attractive  territory  visible  there — this  Allegany  district 
was  developed  with  unexampled  rapidity,  as  the  following 
approximate  statistics  from  the  Petroleum  Age  show: 

1881.  Active  developments  commenced  with  the  Rich- 
burg  and  McBride  wells  about  Maj^  1st. 

1882.  Maximum  production  reached  in  May.* 
Daily  average  for  the  month,  22,438  barrels. 

*Pipe  Hne  runs  In  May,  19,522  barrels;  In  July,  28,884.— From  which  It 
might  be  Inferred  that  the  maximum  production  was  attained  in  July.  But 
in  May  the  lines  ^ere  not  able  to  run  the  oil  as  fast  as  produced,  and  it  ao- 
camnlated  in  tanks  at  the  welis.  In  July,  with  increased  facilities,  they 
were  drawing  upon  these  accumulations. 
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Wells  drilled,  1,757  ;  of  which  128  were  dry. 

1883,  Average  daily  production  in  October,  13,089  bari*els. 

Wells  drilled,  3.315  ;  of  which  216  were  dry. 

1885.  Average  daily  production  October,  6,747  barrels. 

Wells  drilled,  4,326  :  of  which  294  were  dry. 

Some  wells  in  the  district  have  been,  abandoned  and  the 
Age  estimates  that  on  November  1st,  1885.  3,98(.)  were  pro- 
ducing ;  which  gives  a  daily  average  of  only  l-j^^  baiTels  to 
a  well.  At  its  maximum  in  1882,  the  daily  average  per  well 
was  about  14  barrels. 

It  seems  from  these  statements  that  during  the  last  two 
years  the  daily  production  has  fallen  oflF  6,347  l>arrels,  or 
about  48J  per  cent,  notwithstanding  the  completion  of 
1,011  new  wells  ;  a  fact  which  unmistakably  foreshadows 
the  fate  of  all  oil  and  gas  fields  when  rapidly  and  thoroughly 
perforated. 

Tfte  Bradford  District  needs  no  material  change  of  its 
outline  on  the  map.  Some  very  prolific  reserve-tracts  near 
its  south-easterly  border  have  l>een  quietly  depleted,  and 
promising  spurs  along  other  parts  of  its  edges  prospected. 
Within  its  defined  limits  many  new  wells  have  been  sunk, 
and  hundreds  of  old  ones  deepened  to  the  so-called  Fourth- 
sand,  and  stimulated  by  the  explosion  of  enormous  charges 
of  nitro  glycerine  ;  but  still  the  production  wanes.  It  is  ap- 
parent that  this  great  district,  which  in  ten  years  since 
1875  has  furnished  about  120.0(K),(XK)  barrels  of  oil,  or  42 
j>er  cent,  of  the  total  product  of  the  Pennsylvania  and  j 

New  York  oil  regions  since  18r)9,  must  now  be  placed  in  the  \ 

list  of  thoroughly  developed  and  declining  fields.  It  seems 
quite  certain  that  nothing  but  the  discovery  of  a  lower  oil- 
sand  horizon  (a  remote  possibility)  can  check  the  gradual 
decline  which  has  now  set  in,  and  which,  no  doubt,  will  , 

become  more  apparent  during  the  coming  winter  months, 
after  the  stimulating  effects  of  heavy  torjjedoing  have 
worked  off. 

But  it  must  not  be  supposed  that  the  oil  of  the  Bradford 
district  is  exhausted.  Manv  millions  of  barrels  will  vet  be 
broufirht  to  the  surface  bv  these  thousands  of  small  but  last- 
ing  wells,  and  the  indications  are  that  it  will  l>e  a  long  time 
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before  anv  otlier  district  in  the  State  will  come  forward 
with  an  annual  output  greater  than  this  remarkably  tena- 
cious field. 

The  following  facts  from  the  Petroleum  Age  and  Der- 
rick Hand  Book  are  of  interest  here  : 

In  187o  the  Bmdford  district  came  into  public  notice. 
Some  small  wells  had  been  producing  since  1868,  but  in 
1875  seven  wells  were  drilled,  with  a  total  production  of 
25,000  barrels. 

In  August,  1881,  the  Bradford  district  reached  its  maxi- 
mum, making  a  daily  average  for  that  month  of  80,838  bar- 
rels..   Up  to  that  time  11,683  wells  had  been  drilled. 

Oct.,  1883,  daily  average,  35,654  barrels  ;  13,880  wells 
drilled. 

Oct.,  18^5,  dr»ily  average,  30,180  barrels;  14,981  wells 
drilled. 

Decline  of  daily  average  in  two  years,  5,474  barrels. 

New  wells  drilled  meantime,  1,101. 

The  number  of  wells  drilled,  producing,  and  dry  or  aban- 
doned, are  estimated  as  follows  : 

1881.  Sepr.  1,  11,683  wells  drilled;  483  abandoned  ;  11,- 
200  producing. 

1883.  Nov.  1, 13,880  wells  drilled  ;  1,180 abandoned  ;  12,- 
7(X)  producing. 

1885.  Nov.  1,  14,981  wells  drilled  ;  1,346  abandoned  ;  13,- 
635  producing. 

These  figures  make  the  daily  average  per  well  to  be  for 
August,  1881,  7^  barrels  ;  for  October,  1883,  2f  barrels  ;  for 
October,  1885,  2^  barrels. 

It  may  be  truly  said,  then,  that  no  material  additions 
have  been  made  to  the  *'  black  sand  "  pools  during  the  last 
two  years.  But  little  has  been  done,  however,  (as  far  as 
my  knowledge  extends,)  in  searching  for  the  deeper  black 
or  brown  sands  which  have  been  found  at  Sartwell,  Smeth- 
port,*  and  in  several  wells  in  Elk  county,  as  noted  on  Sec- 
tion No.  1  of  the  preceding  chapter.  These  sands  have 
given  notable  indications  of  oil  and  gas  in  several  places, 
and  are  quite  likely  to  furnish  some  areas  of  good  oil  pro- 

*See  Report  of  Progress  R,  p.  271,  Aa,  and  p.  291. 
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duction  southwesterly  from  Bradford,  when  more  intelli- 
gently sought  for  than  they  have  yet  been. 

Whether  the  '*  Smeth port-sand"  and  the  **Elk  county- 
sand"  belong  to  the  same  geological  horizon  or  not  is  as 
yet  uncertain ;  for  several  layers  of  brown  sand  are  re- 
ported in  the  wells  of  southern  McKean  and  Elk.  These 
wells  were  mostly  drilled  as  ''  mysteries  "  by  men  of  '*  prac- 
tical experience"  who  were  seeking  an  extension  of  the 
Bradford -sand  and  flattered  themselves  that  they  knew  just 
at  what  depth  it  ought  to  lie.  The  upper  rocks  had  no 
significance  for  them  and  no  record  was  kept  until  the  well 
had  nearly  reached  the  presumed  proper  depth.  Then  the 
drillings  were  watched  until  a  brown  sand  or  some  sem- 
blance of  it  appeared  ;  and  this  was  the  only  fact  which  the 
drillers  considered  it  necessary  to  obtain  and  record,  to 
wit,  the  deplh  and  thickness  of  the  '*  Bradford  oil  sand." 

The  fruits  of  this  dependence  upon  ''practical  exper- 
ience" which  views  the  oil-rock  as  a  uniformly  sloping 
plane,  and  disregards  the  unmistakable  evidence  of  anti- 
clinals,  synclinals,  and  variations  in  geological  structure 
are  rather  confusing.  Some  of  the  wells  are  thus  made 
to  record  the  "Bradford  sand"  two  or  three  hundred  feet 
above  its  proper  horizon  ;  others,  from  three  to  live  hun- 
dred feet  below  it.  If  the  records  are  reliable  as  to  the 
sands  noted,  the  only  inference  is  that  there  are  several 
beds  of  brown  sand  in  the  Elk  county  region. 

Warren  and  Forest  District. — This  is  the  most  northern 
of  the  ''  white  sand"  districts,  and,  unlike  Bradford,  whose 
production  is  principally  confined  to  one  sandstone  (al- 
though it  does  occasionally  produce  some  Second-sand  and 
''  slush"  oil)  its  rocks  are  oil  bearing  in  four  or  five  distinct 
geological  horizons. 

Only  one  new  detached  pool  (the  Kinzua)  has  been  dis- 
covered since  our  map  was  drawn,  but  considerable  small- 
well  territory  has  been  added  between  Clarendon,  Glade, 
and  Wardwell,  and  also  between  Balltown  and  Cooper. 

The  Warren  and  Forest  field  seems  to  be  ribbed  with 
sandrocks  and  to  have  an  undergound  structure  peculiar 
to  itself.     The  Venango  group  is  never  seen  there  in  any- 
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thing  like  its  normal  condition,  and  produces  no  oil  except 
in  one  small  well,  (noted  on  the  map,)  about  3  miles  south 
of  Balltown,  where  the  lower  member  of  the  group  is  said 
to  be  of  a  quality  that  promises  better  results  than  this 
well  gives,  when  the  time  comes  for  systematic  develop- 
ment. 

The  oil-producing  rocks  of  this  district  lie  from  300  to 
1,050  feet  below  the  Venango  group,  (see  Section  No.  1,) 
and  seem  to  be  somewhat  restricted  in  their  geographical 
range  ;  for,  to  the  north  and  west  the  wells  seldom  lind  any 
of  these  sands  in  a  recognizable  form  ;  and  sometimes,  as 
in  the  case  of  Fagundus  well,  No.  37,  and  the  Clapp,  No. 
45,  before  referred  to,  encounter  nothing  but  slates  and 
shales  in  the  Warren  and  Forest  oil-sand  horizons.  North- 
eastward, however,  the  sands  are  more  persistent,  although 
variable ;  and  some  of  them  seem  to  merge  into  the  sand- 
stones found  above  the  Bradford  oil-rock.  Many  unsuc- 
cessful ventures  have  been  dnj^d  in  this  region  ;  neverthe- 
less it  seems  highh'^  probable  that  some  isolated  pools  of 
oil  will  yet  be  discovered. 

To  the  south-west,  also,  a  great  deal  of  drilling  has  been 
done  in  vain  endeavors  to  connect  this  field  with  Clarion. 
But  while  manv  of  these  wells  disclose  traces  of  both  the 
Clarion  (Venango-Butler  group)  and  the  Warren  oil-rocks, 
the  only  favorable  results  thus  far  have  been  one  good  gas- 
well  at  Marienville,  in  Forest  county,  (gas  from  the  Clarion 
sands),  and  the  discovery  of  a  sand  apparently  correspond- 
ing with  the  Cherry  Grove  sand,  which  was  af.  the  forks  of 
Wolf  and  Spring  creeks,  about  3  miles  south-east  of 
Byrom's  Station,  in  Forest  county.  Here  two  or  three 
small  wells  have  been  obtained,  and  as  many  dry-holes 
sunk.  These  wells,  however,  areall  in  a  small  area,  so  that 
there  is  plenty  of  room  in  this  wilderness  for  oil-pools  of 
considerable  size  between  the  scattered  dry-holes  which, 
for  the  present,  check  developments  there. 

The  Clarendon  pool  now  covers  a  wide  area,  and  may  be 

said  to  have  established  a  connection  with  the  pools  to  the 

north  of  it.     It  is  considered  desirable  territory  to  operate 

in  ;  for,  although  the  wells  are  small  producers,  they  main- 
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tain  their  production  with  remarkable  steadiness,  and  can 
be  drilled  and  managed  very  cheaply,  while  the  risk  of  get- 
ting dry -holes  is  much  less  than  in  other  parts  of  Warren 
county.  The  other  pools,  where  exceptionally  large  wells 
were  obtained,  turned  out  unreliable,  except  within  re- 
stricted lines,  and  brought  profit  only  to  a  few  who  were 
fortunate  in  their  locations,  investments  and  expenditures. 
The  statistics  of  this  district  are  so  scattered  and  imper- 
fect that  it  would  be  a  tedious  task  to  ascertain  the  total 
number  of  wells  drilled,  and  the  actual  amount  of  oil  pro- 
duced in  the  whole  district  since  its  discovery.  The  Petro- 
leum Age  gives  the  following  partial  statements,  which  may 
serve  to  show  the  characteristics  of  the  field : 

Cherry  Grove  ;  opened  in  May,  1882.  (See  I*,  p.  366.  &c.) 

ToUl  product  1882, 2,845,400  bbls. 

««  "        1888 766,612     «• 

«•  "        1884 284,942     •• 

"  "        1835,    (10  mo.  to  Nov.  Ist,) 113,030     " 

Total  to  Nov.  Ist,  1885, 8,478,884     " 

Daily  average  Ootober  Ist,  18S3, 1,812  bbia. 

••  "       October  let,  1885, 412    " 

•*  «•       decrease  in  two  years,    .  .     900    «« 

Uoojier  Tract ;  opened  in  October,  1882. 

Total  product  1882, 29,864  bbls. 

«•  "        1888 1,095,568     «« 

"  ««        1884 1,004,849     " 

"  "        1885,    (10  mo.  to  Nov.  1st,) 296,498     " 

Total  to  Nov.  Ist,  1885,      2,426,764     «« 

Daily  average  Ootober,  1888, 8,314  bbl& 

««  •«       Ootober,  1885, 777     «* 

**  «       deoreaseintwo  years,  .  .  .2,537 

Balltoion:  opened  in  December,  1882. 

Total  product  1882, 2,700  bbls. 

"  ••        1883, 776,244     " 

••  «•        1884 807,506     " 

••  •«        1885,   (10  ma  to  Nov.  Ist), 280,555     " 

Total  to  Nov.  Ist,  1885,      1,867,005     '• 

Daily  average  Ootober,  1883, 4,298  bbls. 

*«  *        «•        October,  1885, 926     «• 

••  "       decrease  in  two  years,    .   .  3,373     " 
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Wardwell  PooL 

Daily  average  production  April,  1884,     475  bbls. 

"  «»  "  August,  1884,      6,483     »» 

"  "  "  April,  1885, 527     " 

SlowelVs  Petroleum  Reporter  gives  the  average  daily 
productioa  of  the  whole  Warren  District : 

In  October,  1888, 10,065  bbls. 

"         •*        1884,      12,517      " 

"  »«        1885, 7,180     " 

Decrease  of  daily  production  in  two  years,  2,885  barrels. 

These  figures  show  that  the  Warren  and  Forest  district 
is  also  declining,  notwithstanding  the  large  number  of  wells 
that  have  been  drilled  there  during  the  last  two  years  ;  and 
it  would  seem  that  asuflScient  number  of  unsuccessful  tests 
have  been  made  to  prove  that  nothing  more  can  be  expected 
from  the  Warren  group  of  sands,  within  the  limits  of  this 
district,  except,  perhaps,  another  small  pool  or  two  like 
those  already  depleted,  which,  at  the  best,  could  only  fur- 
nisli  a  few  millions  of  barrels  of  oil. 


The  Venango- Butler  District^  in  which  maybe  included 
all  the  territory  along  the  oil-belt,  from  Tidioute  and  Grand 
Valley  on  the  north  to  Pittsburgh,  on  the  south,  has  been  a 
field  of  considerable  activity  during  the  last  two  years.  A 
new  development  is  still  in  progress  (December,  1885,)  in 
Eldred  township,  Warren  county,  where  oil  in  paying  quan- 
tities has  been  found  in  the  Hosmer  Run  oil-sand,  or  First- 
sand  of  the  Venango  group.  (See  T,  p.  250  and  p.  268.) 
Other  good  wells  are  producing  from  the  Third-sand  in 
South-West  township,  near  Pool  No.  21  on  the  map  ;  and 
also  along  the  south-westerly  extension  of  Pool  No.  20. 
None  of  these  are  of  much  importance,  however,  except  as 
being  significant  of  the  fact  that,  even  within  the  range  of 
what  has  been  considered  thoroughly  tested  territory,  it  is 
possible,  with  the  present  methods  of  drilling,  torpedoing, 
and  cheaply  pumping  wells,  to  find  many  spots  where  small 
wells  can  be  obtained  and  operated  at  a  profit. 

In  these  old  districts  hundreds  of  wells  are  now  pumped 
in  clusters,  bv  what  is  known  as  tUe  "  Sucker-rod  svstem," 


20  GKOLOGICAL  SUUVKY  OF  PEXN'.V,  1885. 

where  one  engine  is  made  to  pump  five,  ten,  or  even  more 
wells,  and  one  man  attends  them,  at  a  cost  of  perhaps  fifty 
dolhirs  per  month.*  When  wells  are  so  worked  the  addition 
of  one  or  two  to  a  cluster  makes  no  material  enlargement 
of  the  expense  account,  and,  therefore,  it  is  good  policy  to 
put  down  new  wells  near  old  ones  whenever  there  is  a  pros- 
pect of  getting  even  one  or  two  barrels  a  day.  With  shal- 
low drilling  and  cheap  second-hand  machinery  the  wells 
cost  but  little,  and,  prudently  managed,  make  very  gratify- 
ing returns  for  the  investment.  Scarcely  an  old  well  in  the 
region  would  pay  the  cost  of  pumping  if  managed  as  wells 
were  ten  years  ago.  Then  some  slight  mismanagement  of  a 
small  well  might  result  in  its  yielding  water  instead  of  oil, 
and  it  was  likely  to  be  abandoned  after  a  few  days  of  ex- 
pensive and  fruitless  efforts  to  reclaim  it.  But  now,  as  the 
dropping  of  one  well  from  a  cluster  makes  no  material  dif- 
ference in  running  expenses,  the  walking-beam  is  kept  in 
motion,  and  not  infrequently  the  well  is  resuscitated  after  a 
few  weeks  and  continues  to  produce  oil  for  years.  Many 
wells  can  be  pointed  out  which  are  over  fifteen  years  old, 

*The  method  of  pumping  weUs  by  *(Suoker-rod''  oonneotion  is  this:  A 
wheel  eight  or  ten  feet  in  diameter  is  placed  in  a  horizontal  position  at  the 
**  engine  weil,"  and  by  a  pitman  caused  to  have  an  oscillating  motion  of  about 
one  foot.  From  a  pivotal  point  on  the  rim  of  the  wheel  a  line  of  connected 
rods  (old  sucker-rods  were  first  used,  and  hence  the  name,)  is  run  to  the  well 
to  be  pumped,  and  joined  to  the  pumping  gear,  'i  he  rods  are  suspended  by 
cords  from  standards  erected  at  intervals  along  the  line,  and  swing  freely  with- 
out friction.  When  the  propelling  wheel  is  made  to  oscillate,  an  up  and  down 
motion  is  oomniuni^ated  to  the  pump-rod  in  the  well.  Several  wells  can  be 
attached  to  the  same  wheel,  and  the  rods  may  branch  off  in  any  direction. 
By  a  system  of  balancing— that  is,  b}*^  connecting  the  wells  in  pairs,  so  that  one 
shall  be  on  the  up  stroke  while  its  auxiliary  is  on  the  down  stroke,  four  or 
five  wells  can  be  pumped  with  about  the  same  power  required  for  one  alone. 

The  Bradford  deep  wells  are  pumped  in  clusters  by  running  steam  pipes 
from  a  central  boiler  to  the  engines  at  the  wells.  Here  the  wells  are  pumped 
by  heads—that  is,  once  or  twice  a  day  and  just  long  enough  to  take  out  the  oil 
which  collects  meantime— and  by  this  plan  any  well  can  be  pumped  when- 
ever necessary,  and  as  long  as  required,  without  regard  to  the  others.  The 
engines  also  lurnish  the  means  for  drawing  sucker-rods  and  tubing,  whenever 
required.  With  rod  connections  the  wells  are  pumped  continuously,  and  as 
there  are  no  engines  at  the  derricks  the  sucker-rods  and  tubing  must  be  drawn 
by  horse-power  whenever  the  wells  are  «* overhauled."  But  many  of  these 
wells  run  steadily  for  two  or  three  years  without  even  a  change  of  valves. 
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and  yield  steadily  more  oil  now  than  tbey  did  five  years 
ago. 

Millions  of  barrels  of  oil  have  been  added  to  the  available 
products  of  the  oil  regions  by  these  inexpensive  methods 
of  pumping.  There  are  thousands  of  acres,  underlaid  by 
partly  depleted  oil  rocks,  where  not  one  well  in  ten  would 
pay  to  pump  alone.  The  oil  is  not  exliausted  (as  I  have  at- 
tempted to  show  in  T,  page  262,)  but  the  pressure  is  reduced, 
and  oil  moves  very  slowly.  If  the  expenses  of  i)umping 
are  such  that  wells  producing  only  two  or  three  barrels  per 
day  must  be  abandoned,  then  all  the  oil  remaining  in  the 
rock  is  practically  lost.  But  if  these  small  wells  can  be 
kept  at  work  they  last  for  years  ;  and,  as  experience  proves, 
they  are  capable  of  producing  each  from  3,000  to  8  000  bar- 
rels of  oil,  which,  however,  can  only  be  drawn  out  slowly 
by  persistent  pumping,  often  continued  for  months  after 
the  yield  has  fallen  below  half  a  barrel  per  day. 

This  method  of  pumping  is  also  an  important  promoter 
of  development.  It  not  only  incites  those  who  already 
have  wells  in  operation  to  reach  out  and  try  to  increase 
their  production,  (and  they  sometimes  run  their  connecting 
rods  a  mile  from  the  engine  house,)  but  it  gives  others 
courage  to  drill  in  shallow  territory  which  they  otherwise 
would  not  undertake ;  for,  they  now  know  that  if  only  a 
small  well  is  obtained  it  can  be  made  remunerative  bv  sink- 
ing  two  or  three  more  near  to  it,  so  as  to  increase  the  out- 
put and  bear  a  portion  of  the  running  expenses. 


During  the  last  three  or  four  years  a  good  deal  of  ]>ros- 
pecting  has  been  going  on  in  a  quiet  way  in  the  Butler- 
Clarion  field  \  but  nothing  to  occasion  any  unusual  excite- 
ment was  discovered  until  the  latter  part  of  August,  1884, 
when  the  Phillips  well  at  Thorn  creek,  coming  in  with  an 
astonishing  flow,  just  at  a  time  when  wild-catters  began  to 
despair  of  finding  new  fields  at  the  north,  caused  a  rush  in 
this  direction  and  started  the  drill  again  with  renewed  en- 
ergy. 
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The  Butler  belt,  as  traced  and  developed  ten  years  ago  by 
degree  lines  beyond  which  no  self-confident  operator  would 
venture,  has  been  materially  widened  since  that  time  in  many 
places  by  additions  of  prolific  spurs  and  pockets.  We  have 
not  the  data  at  command  to  note  these  accessions  in  detail, 
but  if  the  productive  field  could  now  be  accurately  mapi)ed, 
it  would  be  seen  that  the  popular  belt-line-theory  of  that 
time  condemned  much  valuable  territory  which  is  now  re- 
warding those  who  discard  compass  lines  and  intelligently 
follow  the  drift  of  the  oil  rocks. 

Only  three  new  pools  in  this  division  of  the  field  are 
noted  on  our  map — Thorn  Creek,  Cogley  Run,  and  Red 
Valley.  They  all  receive  their  main  flows  of  oil  from  the 
Venango- Butler  group  of  sands ^  and  have,  or  will  have 
when  fully  developed,  the  characteristic  history  of  the  white- 
sand  pools  ;  that  is,  a  large  flow  from  pioneer  wells,  inciting 
excessive  drilling  and  a  speedy  outlining  of  productive  area  ; 
the  attainment  of  maximum  production  in  a  few  months  ; 
and  then  a  rapid  decline  which  no  number  of  new  wells  can 
permanently  arrest. 

Thorn  creek  is  generally  referred  to  as  the  ^^  phenomenal 
district^^^  on  account  of  the  enormous  quantity  of  oil  thrown 
out  by  some  of  its  early  wells.  Armstrong  well,  No.  2,  at 
first  considered  a  dry-hole,  upon  being  torpedoed  (October 
27th,  1884,)  responded  with  terrific  power,*  and,  according 

*1  quote  the  foHowing  from  the  DerHck's  Hand  Book: 

<*  Those  who  stood  at  the  brick  school -house  and  telegraph  offices  in  the 
Thorn  Creek  district  to-day,  and  saw  the  Semple,  Boyd  A  Armstrong,  No.  2, 
torpedoed,  gazed  upon  the  grandest  scene  ever  witnessed  in  oiJdom.  When 
the  shot  took  effect,  and  the  barren  rock,  as  if  smitten  by  the  rod  of  Moses, 
poured  forth  its  torrent  of  oil,  it  was  such  a  magnificent  and  awful  spectacle 
that  only  a  painter's  brush  or  a  poet's  pencil  could  do  it  Justice.  Men  familiar 
with  the  wonderful  sights  of  the  oil  country  were  struck  dumb  with  astonish- 
ment as  they  gazed  upon  this  mighty  display  of  nature's  forcea  There  was 
no  sudden  ? eaction  after  the  torpedo  was  exploded.  A  column  of  water  rose 
eight  or  ten  feet  and  then  fell  back  again,  and  some  minutes  elapsed  before 
the  force  of  the  explosion  emptied  the  hole,  and  the  burnt  glycerine,  mud  and 
sand  rushed  up  in  the  derrick  in  a  black  stream.  The  blackness  gradually 
changed  to  yellow.  Then,  with  a  mighty  roar,  the  gas  burst  forth.  The  noise 
was  deafening.    It  was  like  the  loosing  of  a  thunderbolt.    For  a  moment  the 
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to  reliable  estimates,  flowed  10,000  barrels  of  oil  during  the 
succeeding  24  hours.  After  the  stream  was  turned  into  the 
tanks,  hourly  gauges  (from  8  to  9,  a.  m.,)  showed  on  the 
28th,  400  barrels  an  hour;  29th,  260  barrels  ;  30lh,  230 
barrels  ;  31st,  210  barrels.  On  the  second  of  December,  36 
days  after  its  opening,  it  was  reported  at  24  barrels  an  hour, 
and  three  hours  afterward  stopped  flowing.*  It  was  resus- 
citated, however,  and  flowed  with  declining  strength  for 
some  time,  when  it  had  to  be  tubed  and  pumped.  The  his- 
tory of  Thorn  creek  was  foreshadowed  by  the  actions  of  this 
well.  Its  production  swelled  rapidly,  and  then  as  quickly 
dwindled  away.  At  one  year  old  it  had  become  almost  a 
deserted  field  as  far  as  new  work  was  concerned,  and  its 
gross  daily  production  from  170  wells  then  completed  did 
not  equal  the  fii*st  four  hours'  flow  of  Armstrong,  No.  2. 
The  commencement,  culmination  and  decline  of  produc- 

^ Derrick  Hand  Book  of  Petroleum, 

cloud  of  gas  hid  the  derrick  from  sight,  and  then,  as  It  cleared  away,  a  soUd 
golden  oolamn,  half  a  foot  in  diameter,  shot  from  the  derrick  floor  eighty 
feet  through  the  air,  till  It  broke  In  fragments  on  the  crown  pulley  and  fell  in 
a  shower  of  yellow  rain  for  rods  around.  For  over  an  hour  that  grand  column 
of  oil,  rushing  swifter  than  any  torrent,  and  straight  as  a  mountain  pine, 
united  derrick  floor  and  top.  In  a  few  moments  the  ground  around  the  der- 
rick was  covered  Inches  deep  with  petroleum ;  the  branches  of  the  oak  trees 
were  like  huge  yellow  plumes,  and  a  stream  as  large  as  a  man's  body  ran 
down  the  hill  to  the  road,  where  It  tilled  the  space  beneath  the  small  bridge 
at  that  place,  and,  continuing  down  the  hill  through  the  woods  beyond, 
spread  out  upon  the  flats  where  the  Johnson  well  stands.  In  two  hours  these 
flats  were  covered  with  a  flood  of  oil ;  the  hill-side  was  as  If  a  yellow  freshet  had 
passed  over  It ;  heavy  clouds  of  gas,  almost  obscuring  the  derrick,  hung  low 
in  the  woods,  and  still  that  mighty  rush  of  oil  continued.  Those  who  had  at  first 
estimated  it  at  50,  150,  or  200  barrels  an  hour,  raised  their  figures  to  300  or  400, 
and  some  to  500  an  hour.  Dams  were  built  across  the  stream  that  its  produc- 
tion might  be  estimated,  and  the  dams  overflowed  and  were  swept  away  be- 
fore they  could  be  completed.  Where  It  swept  the  fiats,  a  couple  of  boards 
were  set  up  on  edge,  and  the  stream  turned  between  them,  and  It  filled  the 
space  and  ran  over  the  sides.  People  living  along  Thorn  creek  packed  up  their 
household  goods  and  fied  to  the  hill-sides.  The  pump-station,  a  mile  and  a 
half  down  the  creek  from  the  well,  had  to  extinguish  Its  fires  that  night  on  ac- 
count of  the  gas  and  oil,  and  all  fires  around  the  district  were  put  out.  It  was 
literally  a  fiood  of  oil.  There  Is  no  one  now  who  saw  it  but  that  estimates  the 
well  made  over  500  ban  els  an  hour  from  two  o'clock  till  four ;  and  that  It 
made  over  8,000,  some  say  10,000  barrels  the  first  twenty-four  hours  after  be- 
ing shot.  It  was  as  If  the  whole  production  of  the  Allegheny  field  was  pouring 
out  of  a  single  well  and  flowing  down  the  hlU-sida" 
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tion  in  the  Thorn  Creek  pool  are  graphically  shown  in  the 
following  figures  copied  from  the  Petroleum  Age : 

*Sept    1, 1884,     1  well ;  prodaction,        860  bbia.  per  day. 
Sept.  15,    ••         1    *»  "  1,800    ••  " 

Oct.      1,    «•         1    "  "  2,592    "  " 

Oct.    16,    "         2    "  "  6,606    "  «• 

Nov.    1,    "         6    »«  "  9,264    •«  " 

Nov.  15,    "        18    ••  "  15,445    "  " 

Dec  15,    "       81    "  •*  10,972    "  •* 

Dec  81,    "       40    "  "  8,850    "  •• 

Jan.  30,1885,    51    ••  "  6,688    "  " 

Feb.  28,    "       68    "  *•  7,341    •«  " 

Mch.  28,    ••       77    «*  ••  6,875    "  " 

April25,    "      100    "  "  8,682    "  " 

May  30,    •*      124    "  «*  8,884    «•  «« 

June  27,    "      148    "  "  4,034    "  " 

July  18,    "      156    "  "  2,959 


4»  «t 


The  average  daily  pipe-line  runs  from  the  Baldridge  dis- 
trict, which  includes  Thorn  creek,  are  reported  as  follows  : 

April,  1884, 844  bbla. 

May,       "  1,061  " 

June,       "  969  •• 

July,       "  889  " 

August,  •* 843  " 

Sept.,      *•  2,644  " 

Oct,         "  6,034  " 

Nov.,       "  9,493  " 

Dec,        "  8,730  •* 

Jan.,     1885, 6,199  " 

Feb.,       "  7,349  '• 

March.    •*  7,239  •• 

April,     "  9,333  •* 

May,        "  7,488  " 

June,       •• 5,905  •* 

July,       ••  3,856  «• 

August,  "  2,288  " 

Sept.,      •*  2,021  •* 

Oct.,         ••  1,898  " 

It  will  be  noticed  that  the  Baldridge  district  was  making 
843  barrels  a  day  before  Thorn  creek  was  added,  September, 
1884.  Some  new  wells  have  been  drilled  in  Baldridge,  and 
probably  it  has  maintained  an  average  daily  production  of 
700  barrels.  The  total  pipe-line  runs  from  Baldridge  and 
Thorn  creek  from  September  1,  1884,  to  November  1,  1885, 

*Thi8  was  Phillips  well,  No.  1,  which  struck  sand  August  29, 1884,  and  in- 
creased largely  as  it  was  drilled  deeper  from  time  to  time. 
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foot  lip  2,442,804  barrels.  Deducting  from  this  the  esti- 
mated production  of  Baldridge,  700  barrels  per  day  for  426 
days,  =  298,200  barrels,  and  we  have  2,144,604  barrels  to 
represent  the  total  output  of  the  Thorn  creek  field  from  its 
discovery,  September  1,  1884,  to  November  1,  1885. 

No  doubt  the  Phillips  well*  on  Oil  creek  produced,  dur- 
ing its  lifetime,  more  than  half  the  quantity  of  oil  so  far 
taken  out  of  this  "phenomenal  pool"  by  about  170  wells, 
and  it  is  quite  improbable  that  Thorn  creek  could  have 
claimed  the  distinction  of  having  furnished  the  largest  wells 
in  the  country,  if  the  Oil  Creek  wells  had  been  drilled  of  as 
large  diameter  and  had  been  dry  cased  as  wells  are  now. 

Cogley  Run  and  Red  Valley  are  still  under  the  drill,  the 
former  having  apparently  passed  its  prime,  the  latter  yet 
developing,  and  showing,  at  the  expense  of  some  of  the 
operators,  the  variability  of  the  oil  sands  in  these  middle 
grounds  between  the  Venango  and  Clarion  belts,  where  other 
pools  undoubtedly  await  the  fortunate  discoverer. 


South-westerly  and  southerly  from  Thorn  creek,  the  pro- 
spector has  been  actively  at  work  for  some  time,  but  so 
many  conflicting  reports  about  the  findings  in  the  wells  have 
been  circulated  for  the  purpose  of  confusing  outsiders  that 
even  the  owners  themselves  cannot  now  furnish  trustworthy 
records  of  them  if  they  desired  to  do  so.  The  Mt.  Nebo 
well,  in  Ohio  township,  Beaver  county,  is  said  to  have  found 
the  Thorn  Creek-sand,  and  it  undoubtedly  produced  some 
oil,  but,  not  meeting  the  expectations  of  its  owners  as  a 
flower  of  the  first  magnitude,  it  was  subjected  to  so  many 
ill-advised  experiments  to  improve  its  capacity  that  it  finally 
refused  to  yield  anything.  It  seems  to  have  given  notice, 
however,  of  the  presence  of  the  Thorn  Creek  oil  rock  in  that 

*See  1 3,  p.  54,  where  this  well  is  credited  with  600,000  barrels.  This  state- 
ment was  given  to  Mr.  Nettleton  in  1869,  when  the  well  was  still  pumping. 
I  am  reliably  informed,  however,  by  one  who  shipped  a  large  part  of  the  oil, 
that  this  estimate  oomes  from  the  boolcs  of  parties  who  had  a  oertain  share  in 
the  well,  and  kept  an  aooount  only  of  the  oil  handled  by  them.  He  is  confi- 
dent that  the  other  owner's  and  the  land  interest's  oil  would  swell  the  figures 
to  over  1,200,000  barrels. 
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locality,  and  the  results  of  future  drilling  in  the  neighbor- 
hood will  be  awaited  with  interest. 


On  the  Ohio  river,  near  Rochester,  some  wells  drilled  for 
gas  are  reported  to  be  making  good  shows  for  oil,  but  if  the 
depths  given  are  correct,  the  oil  cannot  come  from  the  Thorn 
Creek  sand.  It  will  probably  be  found  to  l>e  the  same  as  that 
in  the  old  Rochester  Tumbler  Company's  well,  (I*,  p.  279,) 
and  is  not  likely  to  be  of  sufficient  importance  to  materially 
affect  the  gross  output  of  the  oil  regions. 


''  Little  Washington,''  in  Washingtim  count \%  is  (he  only 
new  oil  field  remaining  to  be  noted  on  our  map.  Its  first 
oil  well,  the  Gantz,  was  struck  on  the  1st  of  January,  ISSo, 
but  was  not  put  in  working  order  until  several  weeks  later  ; 
proving  to  be  only  a  moderate  producer,  developments 
lagged,  and,  up  to  the  1st  of  November,  only  two  other  oil 
wells  had  been  drilled — the  Gordon,  making  about  1(X)  bar- 
rels a  dav,  and  the  Gabbv,  showing  some  oil,  but  not  then 
tested.  The  three  spots  on  the  map  give  the  location  of  these 
wells. 

Washington  county  developments  have  had  rather  a 
curious  historv  since  their  commencement  in  1881.  After 
six  or  eight  wells  had  been  drilled  for  oil  in  Mount  Pleas- 
ant and  Cross  Creek  townships  and  obtained  nothing  but 
gsis,  the  citizens  of  ''Little  Washington"  concluded  to 
drill  near  their  borough  for  gas  for  heating  and  lighting 
purposes.  The  first  two  wells  were  successful  and  the  drill 
stopped  in  the  gas  sand  about  1,800  feet  below  the  Pitts- 
burgh coal.  A  rival  gas  company  was  formed,  but  their  first 
well,  the  Gantz,  instead  of  venting  gas,  filled  up  with  oil, 
and  started  an  oil  excitement  which  soon  placed  all  the  con- 
tiguous country  under  lease  for  oil  purposes.  The  first  oil 
well  located  was  supposed  to  be  some  distance  from  the  gas 
streak  and  on  a  sure  line  for  oil,  but  it  came  in  a  large 
gasser  and  was  sold  by  its  disappointed  owner  to  the  Peo- 
ple's Heat  and  Light  Company.     Meantime  this  companj"^ 
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had  completed  two  new  gas  wells  on  the  northeasterly  ex- 
tension of  their  anticlinal  gas  belt,  and  located  another  on 
the  southwesterly  extension  of  it,  perhaps  160  rods  from 
their  No.  1.  This  well,  the  Gordon,  upon  reaching  the  gas- 
sand,  found  oil  ;  but  as  it  did  not  appear  to  be  in  large 
quantity  and  the  company  wanted  gas  and  not  oil,  the  drill 
was  urged  deeper  in  hopes  of  finding  the  sand  which  yields 
the  large  and  lasting  flow  of  gas  in  the  McGuigan  well  in 
Mount  Pleasant  township,  about  9  miles  to  the  north-west. 
Up  to  this  time  nothing  was  known  practically  of  the  meas- 
ures below  the  1,800  foot  gas  sand  at  Washington,  for  the 
drill  had  never  penetrated  them.  After  drilling  about  260 
feet  the  seekers  for  gas  were  surprised  to  tind  the  hole  till- 
ing up  with  oil.  With  deeper  drilling  the  well  made  fre- 
quent flows,  and  after  being  put  in  pumping  order  produced 
about  100  barrels  per  day  without  torpedoing. 

This  started  the  oil  fever  anew,  based  on  the  prospect  of 
a  newly  discovered  and  more  prolific  oil  horizon.  New 
rigs  were  immediately  started  near  the  Gordon,  and  options 
secured  wherever  possible  near  the  Gabby  well,  a  mile  or 
more  towards  the  south,  which  already  had  some  oil  in  the 
hole  from  theGantz  sand  struck  at  2,294 feet  and  stood  ready 
to  drill  down  to  the  Gordon  sand.  Delayed  by  accidents 
and  the  slow  drilling  incident  to  such  deep  wells,  the  Gabby 
is  still  drilling,  but  is  sui)posed  to  have  passed  below  the 
Gordon  sand  without  broaching  oil.  The  failure  of  this 
well  leaves  operators  still  without  any  j)ositive  clew  as  to 
the  trend  of  the  oil  streak  or  the  extent  of  territory  that  is 
likely  to  prove  productive  and  they  are  now  awaiting  the 
completion  of  some  of  the  new  wells  commenced  under  the 
last  excitement. 

With  our  present  information,  it  is  too  early  yet  to  ven- 
ture a  positive  opinion  upon  the  probable  extent  and  pro- 
ductiveness of  this  new  field,  but,  considering  the  irregulari- 
ties of  geological  structure  shown  by  the  wells  already 
drilled,  and  the  variability  of  the  gas  and  oil  horizons,  we 
may  infer  that  it  will  not  be  an  oil  field  unspotted  by  dry 
holes.  Many  good  wells  will,  undoubtedly,  be  found  here 
and  probably  scattered  over  quite  a  large  area,  but  deep 
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and  expensive  drilling  is  likely  to  prevent  rapid  develop- 
ment and  excessive  crowding  of  wells,  in  which  case  there 
is  litile  fear  of  its  flooding  the  market  with  oil,  like  some  of 
the  compamtively  shallow  and  less  expensively  operated 
districts  at  the  north. 


The  Dunkard  Greek  district^  of  Greene  connty,  has  re- 
ceived some  attention  from  the  oil  operator  dnring  the  last 
summer.  Six  or  seven  wells  have  been  drilled,  only  two  of 
whi(^h  are  known  to  be  productive  in  the  so-called  Second- 
sand.  Here,  as  elsewhere,  well  drilling  is  mystified,  and  it 
is  supposed  that  the  two  wells  referred  to  are  capable  of 
making  a  great  deal  more  oil  than  they  are  now  showing, 
when  the  owners  choose  to  put  them  in  proper  working  or- 
der. However  this  may  be,  oil  developments  in  this  field, 
since  1862,  have  been  little  better  than  a  series  of  disappoint- 
ments and  disasters  to  thovSe  who  have  engaged  in  them.  It 
may  be  that  improved  methods  of  drilling  and  management 
will  prevent  some  of  the  troublesome  accidents  from  caving, 
&c.,  which  are  said  to  have  ruined  so  many  of  the  early 
wells,  but  the  most  serious  obstacles  in  the  way  of  profitable 
operations — irregular  oil-sands  and  restricted  oil  deposits — 
still  remain.  Present  operators  are  working  much  more 
intelligently  than  those  who  pioneered  the  field,  supposing 
they  were  drilling  in  the  First,  Second,  and  Third-sands  of 
Oil  creek  ;  but  w^hile  a  knowledge  of  the  age  of  the  rocks 
and  their  characteristics  in  other  places  where  they  have 
produced  some  oil  may  enable  them  to  work  with  less  risk 
of  failure,  it  can  hardly  assure  them  uninterrupted  success. 
Few^  wells  in  this  region  have  been  drilled  deeper  than  600 
feet  below  the  Pittsburgh  coal.  Down  to  this  point,  it  is 
demonstrated  that  the  rocks  are  only  oil-producing  in  spots. 
Some  good  and  lasting  wells  have  been  obtained,  but  eight 
or  ten  dry  holes  have  been  drilled  in  the  district  for  every 
good  well  secured. 

The  most  important  questions  as  to  the  future  possibili- 
ties of  the  field  now  depend  for  their  solution  upon  the  rev- 
elations of  the  drill  when  sunk  1,200  feet  or  more  into  the 
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locally  untested  rocks  below  these  shallow  oil  horizons,  and, 
fortunately,  these  questions  will  not  long  remain  unanswered, 
for,  under  the  impetus  given  by  Washington  county  suc- 
cesses, one  or  two  wells  are  already  drilling  in  search  of 
deeper  sands. 


Chapteu  III. 

On  the  relations  of  gas  to  oil. 

Gas  and  oil  are  so  intimately  related  that  an  oil-field  must 
necessarily  be  a  gas-field.  From  one  end  of  the  oil  belt  to 
the  other,  gas  has  been  found  in  larger  or  smaller  quantities 
in  every  oil  well  drilled.  But  the  conditions  under  which 
it  exists  are  quite  variable.  Sometimes  large  flows  issue 
from  sandstones  lying  above  the  oil-producing  rocks,  some- 
times from  the  oil-sand  and  with  the  oil,  and  in  other  cases  it 
may  be  from  sands  below  the  oil  horizons.  "Gas streaks,'' 
as  they  are  popularly  called,  or  areas  where  the  rock  con- 
tains more  gas  than  oil,  are  common  throughout  the  oil  re- 
gions, skirting  the  edges  of  good  territory  in  some  places, 
or  streaking  tlie  central  portions  of  it  in  others. 

It  does  not  follow,  however,  that  every  gas  well  must  pro- 
duce oil,  for  even  within  defined  oil  fields  there  have  been 
gas  wells  that  made  no  oil  beyond  a  slight  condensation  in 
the  delivery  pipes  ;  and  elsewhere  gas-producing  rocks  are 
sometimes  absolutely  barren  of  oil  in  the  gas  horizons. 

Hence,  to  attempt  to  locate  with  exactness  upon  our  map 
all  the  spots  in  the  oil-belt  that  have  produced  notable 
quantities  of  gas  since  oil  developments  commenced,  would 
be  a  fruitless  and  almost  an  impossible  task.  It  will  be 
quite  sufficient  for  the  i)urposes  of  this  report  if  we  let  the 
oil  pools  stand  as  they  are,  and  view  them  as  representing 
gas  pools  also,  and  fill  out  the  draft  by  adding  other  i)ools 
in  a  difl^erent  color,  to  designate  those  which  produce  gas 
almost  exclusivelv. 

To  note  all  the  points  where  gas  has  been  found  outside 
of  the  oil  belt  w^ould  be  to  locate  nearly  every  wild-cat  well 
in  the  country,  for  they  all  have  produced  some  gas,  and 
many  of  them  in  valuable  quantities,  if  it  could  have  been 
utilized  in  the  neighborhood.  We  have  only  spotted  those 
places  where  exceptionally  large  wells  have  been  obtained, 

(80) 
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or  where  the  gas  has  actually  been  used  for  heating  and 
lighting  purposes. 

In  Potter  county  one  spot  is  colored.  At  Shingle  House 
the  gas  is  of  sufficient  importance  to  be  piped  to  consumers. 
Several  other  places  in  the  north-western  portion  of  .the 
county  have  furnished  gas  wells,  but  not  having  visited 
that  section  in  several  years,  I  cannot  venture  to  locate 
them.  In  the  south-western  townships  six  or  eight  deep 
wells  have  been  drilled  which  give  very  little  encouragement 
to  continue  prospecting  there  for  either  gas  or  oil.  East  of 
Potter  county  I  am  not  aware  that  any  remarkable  gas 
wells  have  been  found. 

The  Allegany  oil  district  has  produced  an  immense  flow 
of  gas  which  is  still  being  utilized  throughout  the  field,  and 
is  likewise  piped  to  Olean,  Cuba,  Friendship,  and  Wells- 
ville. 

The  Bradford  district  has  also  been  very  prolific  in  gas, 
but  unrestricted  consumption  and  waste  have  very  materi- 
ally reduced  its  pressure  and  volume.  At  first  the  town  of 
Bradford  had  an  ample  supply  from  wells  near  the  city  and 
on  the  north-w^esterly  edge  of  the  oilfield  ;  but  this  failing, 
pipes  were  run  to  the  Rixford  gas  pool,  (the  spot  is  left 
blank  upon  the  map,)  which  re-inforced  the  supply  for  some 
time.  Later,  however,  it  became  necessary  to  lay  a  new 
line,  of  over  twenty  miles,  to  connect  with  the  Wilcox  gas 
pool  near  the  southerly  line  of  McKean  county,  where  there 
is  a  large  deposit,  capable,  no  doubt,  of  responding  to  all 
demands  that  Ccin  be  made  upon  it  for  many  years  to  come. 
The  Wilcox  wells  (R,  p.  148,  &c.,  and  T,  p.  104,  &c.)  have 
also  produced  some  oil  in  M'hat  is  considered  to  be  the  equiv- 
alent of  the  Bradford-sand  :  but  not  enough  to  make  them 
remunerative  as  oil  wells.  The  oil-sand  lies  here  about  20 
feet  below  ocean  level,  and  more  than  400  feet  lower  than 
at  Bradford. 

The  Sargeant  pool,  in  the  same  horizon  as  the  Wilcox,  is 
noted  for  its  Geyser  well,  described  in  Report  R,  p.  244, 
&c.  Its  gas  was  wasted  and  the  well  is  now  spoiled  by 
water. 

The  Watson  well  at  Johnsonburg  station,  in  Elk  county, 
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ejects  a  large  volume  of  gas  from  a  brown  sand  at  1,660 
feet,  and  indicates  the  presence  of  a  good  pool  in  that  vicin- 
ity. The  gas  was  allowed  to  waste  two  or  three  years,  but 
is  now  being  used  for  heating  and  lighting  purposes.  A  well 
near  Grant  &  Horton's  tannery,  at  Ridgway,  also  flowed 
some  gas  at  905  feet,  but  was  not  materially  improved  by 
deeper  drilling. 

Wells  at  Kane  City,  supplying  the  town  with  heat  and 
light,  and  at  Wetmore,  demonstrate  that  there  is  an  abun- 
dance of  gas  to  be  had  there  by  drilling  for  it,  and  even  in 
this  region  of  forests  it  is  found  cheaper  to  use  gas  than 
wood  for  fuel. 

The  Roy  &  Archer  gas-pool,  in  the  north-eastern  corner  of 
Elk  county,  has  three  wells,  one  of  which  furnishes  more 
than  enough  gas-fuel  to  run  a  large  establishment  for  mak- 
ing wood-acid  and  charcoal  from  the  beech,  maple,  and 
other  hard  woods  which  abound  in  that  locality.  This  pool 
is  remarkable  from  the  fact  that  the  gas  (and  the  wells, 
also,  had  favorable  indications  of  oil)  apparently  comes 
from  a  lower  geological  horizon  than  any  other  known  to  be 
productive  in  the  Pennsylvania  oil  regions,  from  a  brown 
sand  which  lies  stratigrai)hically  more  than  1,8()0  feet  be- 
low the  horizon  of  the  Murraysville,  Westmoreland  county, 
gas-sand.     (See  Section  1.) 

The  great  Sheffield  gas-pool  extending  across  the  War- 
ren-McKean  county  line  is  one  of  the  largest  and  most  pro- 
lific known  in  the  country.  It  was  discovered  in  1875  by 
the  Hague  or  Sheffield  well,  which  is  still  flowing  strongly, 
the  gas  being  piped  to  Sheffield.  This  well  has  a  remarka- 
ble historv  on  account  of  the  troubles  encountered  bv  the 
formation  of  ice  in  the  hole.* 

*See  1 3,  p.  193,  and  I^,  p.  879.  Another  curious  freak  not  mentioned  in  the 
pages  referred  to  was  this :  After  the  two-inch  tubing  had  been  put  in  to  test 
the  weU  for  oil,  it  was  partly  filled  with  water  to  buoy  up  the  sucker-rods 
while  being  inserted,  and  lighten  the  labor  of  putting  them  in.  When  about 
two  thirds  of  the  rods  had  been  lowered,  some  obstruction  was  met,  and,  after 
ineffectual  attempts  to  force  them  further,  it  was  concluded  that  the  tubing 
was  imperfect  and  would  have  to  be  withdrawn.  Preparations  were  made  to 
pull  the  rods,  but,  on  attempting  to  run  them  up,  they  were  found  to  be  im- 
movable.    Hence,  rods  and  tubing  had  to  be  taken  out  together,  a  very  dlffl- 
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A  number  of  new  wells  have  been  sunk  in  this  district 
during  the  last  two  years,  and  the  product  is  now  pi{)ed  to 
Warren  and  to  Jamestown,  New  York,  a  distance  of  32 
miles. 

At  Barnesville,  or  Old  Sheffield,  a  large  gas  well  was  ob- 
tained in  1879  in  a  rock  one  hundred  feet  or  more  above  the 
Hague  well  sand.  (See  I*,  p.  24.)  This  has  been  utilized 
for  a  long  time  in  making  lamp-black. 

The  Cornen  gas  pool,  lying  between  Clarendon  and 
Cherry  Grove,  furnishes  strong  and  lasting  wells.  The  gas 
is  piped  to  Clarendon  and  Warren. 

This  region  abounds  in  gas,  both  in  and  out  of  the  oil 
pools,  and,  as  it  is  not  confined  to  any  one  particular  hori- 
zon, an  unlimited  supply  for  all  purposes  to  which  it  can 
possibly  be  applied  seems  to  be  assured  for  many  years. 

In  the  city  of  Erie,  and,  in  fact,  almost  anywhere  along 
the  Lake  Shore  in  Pennsylvania,  gas-wells  are  obtained  by 
drilling  from  600  to  800  feet,  but  they  are  of  low  pressure 
and  small  volume  as  compared  with  wells  in  the  oil  regions. 
The  gas  seems  to  be  diffused  through  beds  of  interstratified 
sandstone  and  sandy  shale,  capable  of  storing  large  quan- 
tities, but,  having  little  pressure,  it  issues  slowly  and  flows 
with  remarkable  constancy  a  long  time.  The  Erie  wells 
have  been  referred  to  in  Report  L,  page  168,  &c.,  and  the 
same  is  <?opied  in  Report  I*,  p.  121,  &c.  Since  these  pub- 
lications were  issued  many  wells  have  been  drilled,  but  they 
reveal  nothing  new  that  requires  to  be  specially  mentioned 
here. 

In  the  Venango  district,  a  great  many  large  gas-wells  have 
been  found,  most  of  them  in  early  times,  when  they  were 
considered  of  little  or  no  value.     Abandoned,  set  on  fire. 

oult  and  undesirable  Job,  aa  any  one  knowa  who  haa  been  foroed  to  undertake 
it  When  the  iower  Jointa  of  anoker-roda  and  working-yalve  were  reaohed, 
they  were  aeen  to  be  solidly  frozen  in  the  tubing.  The  water  at  and  near  the 
point  where  gas  oanie  into  the  weU  had  froaen,  the  ioe-oore  stopped  the  rods  in 
their  downward  panonge,  and,  while  endeavoring  to  force  the  obstruction,  new 
ice  aet  around  the  yalve  and  roda  and  held  them  firmly.  These  phenomena 
were  oonaidered  remarkable  at  the  time,  but  since  then  several  wells  in  the 
Cooper  district  have  been  in  like  manner  seriously  embarrassed  by  ice  both 
in  driUtng  and  sand-pumping. 
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and  left  to  care  for  themselves,  they,  in  a  few  years,  either 
died  from  exhaustion  or  were  drowned  by  accumulations  of 
water  in  the  hole.  Old  "  burning  well "  sites  can  be  pointed 
out  in  every  part  of  this  country. 

One  well,  however,  the  Newton,  located  in  Oil  Creek 
township,  Crawford  county,  about  five  a.nd  one  half  miles 
north-east  of  Titusville,  (P,  p.  198,)  was  put  to  practical 
use  as  early  as  1872,  by  the  laying  of  a  gas  main  to  connect 
it  with  the  city.  This  seems  to  have  been  the  first  attempt 
at  piping  gas  any  considerable  distance  for  fuel  and  light. 
Other  wells  have  since  been  put  down  in  the  Newton  neigh- 
borhood, but  the  original  supply  of  gas  could  never  be  in- 
creased or  even  sustained,  and  now  the  yield  of  the  pool 
barely  meets  the  requirements  of  a  few  families. 

The  Venango  group  has  been  so  thoroughly  ventilated  by 
oil  wells  in  northern  Venango,  Crawford,  and  Warren  coun- 
ties that  no  large,  permanent  flows  of  gas  can  now  be  ex- 
pected from  it,  and  hitherto  no  indications  of  prolific  gas 
deposits  at  lower  geological  levels  have  been  noticed  in  any 
of  the  deep  wells  drilled  north-west  of  the  Allegheny  river. 
But  south  and  east  of  the  river  the  group  has  not  been  so 
completely  relieved,  although  an  enormous  quantity  of  gas 
has  been  wasted,  as  at  Gas  City.  East  Sandy,  (see  L,  p.  166 
and  p.  177,)  and  other  places.  The  possible  gas  supply  of 
this  section  is  also  immeasurably  increased  by  tiae  recent 
discovery  of  a  rich  deposit  in  a  sand  belonging  to  the  War- 
ren group,  and  lying  about  900  feet  below  the  Venango 
group.  The  first  notice  of  this  sand  was  given  early  in  1885, 
by  a  well  on  the  Speechley  farm  in  Cranberry  township, 
and  now  several  wells  in  the  vicinity  are  yielding  largely,  the 
product  being  piped  to  Oil  City,  thence  up  Oil  creek  to  Titus- 
ville and  the  towns  along  the  route.  It  is  also  sent  south- 
erly in  sufficient  quantity  to  satisfy  the  wants  of  those  en- 
gaged in  oil  developments  at  Cogley  Run  and  Red  Valley. 

The  old  Butler  and  Clarion  oil-fields  also  had  manv  ex- 
traordinary  gas  wells  within  their  limits.  Some  of  the 
most  noted,  the  Pairview,  Burns,  and  Delameter.  are  re- 
ferred to  in  Report  L,  appendices  B,  C,  D,  and  E,  and  the 
Thompson,  at  Carbon  Center,  in  V,  page  170. 
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Wells  drilled  east  of  the  Clarion  belt  show  considerable 
gas  in  all  cases,  and  no  doubt  good  deposits  will  yet  be  dis- 
covered there.  For  the  want  of  precise  information,  I  am 
unable  to  locate  more  than  two  gas  spots  in  this  part  of 
Clarion  county — one  on  Cherry  run,  in  Toby  township, 
where  a  very  strong  gas-well  was  obtained  in  1878  (I",  p. 
412)  which  burned  for  several  years ;  the  other  near  Strat- 
tonville,  in  Clarion  township. 

At  Brookville,  Jefferson  county,  two  wells  have  been 
drilled,  but  the  gas-flow  being  insufficient  for  the  purposes 
required,  another  will  shortly  be  sunk. 

At  Canoe  creek,  in  North  Mahoning  township,  Indiana 
county,  the  Snyder  well  struck  strong  gas  in  1883,  which  is 
pijHjd  about  five  miles  to  Punxsutawney.  Reported  depth 
to  gas-sand  2,615  feet.  ''Sand  65  feet  thick,  black,  fine, 
and  hard."  This  sand  evidently  lies  far  below  the  gas 
horizons  of  the  Allegheny  river  region. 

West  of  the  Venango  and  Butler- belts  gas  deposits  are  of 
frequent  occurrence,  and  in  the  north-western  part  of  Butler 
county  the  First  oil-sand  is  eminently  a  gas-producing  rock. 
Near  Harrisville  and  Centerville,  in  Mercer  and  Slippery 
Rock  townships,  no  well  fails  to  find  gas. «  The  Wolf  Creek 
and  McMurray's  Mill  wells,  described  in  report  V,  pag^slOO 
and  132,  would  no  doubt  have  been  profitable  investments 
if  there  had  been  any  market  for  their  gas.  But  only  within 
the  last  year  have  plans  been  perfected  for  making  these 
gas  deposits  available.  A  pipe  line  is  now  being  laid  from 
the  Centerville  district  to  New  Castle  and  several  wells  have 
been  drilled  which  give  assurance  of  ample  supplies.  In 
tlie  Harrisville  district  large  tracts  of  land  have  been  leased 
by  the  Natural  Gas  Company  of  Youngstown,  Ohio.  One 
good  well  has  been  completed  there,  and  after  further  devel- 
opment it  is  proposed  to  pipe  the  product  about  thirty  miles 
to  Youngstown.  The  pressure  and  volume  of  gas  in  the 
wells  on  this  range  of  territory  do  not  seem  to  be  as  great 
as  in  the  deeper  wells  at  the  south,  but  the  gas-sand  is  of 
good  quality  and  thickness  and  underlies  an  extensive  area ; 
hence  it  may  be  expected  to  yield  in  the  aggregate  quite  as 
much  gas  as  some  of  the  more  pretentious  fields. 
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Central  AnnstroDg  county  abounds  in  gas,  as  shown  by 
nnmerons  wells.  A  test  for  oil  at  the  mouth  of  Pine  creek, 
in  1877,  (r,  p.  409,)  found  only  gas  and  was  abandoned. 
Two  or  three  wells  just  north  of  Kittanning  furnish  the 
cown  with  heat  and  light,  and  others  three  miles  west,  in 
Franklin  township,  send  in  plenty  of  gas  fuel  to  the  iron 
manufacturers.  When  these  pools  shall  fail,  no  doubt 
others  will  be  found  within  easy  reach,  for  no  town  in  the 
gas-regions  appears  to  be  more  favorably  located  than  Kit- 
tanning  for  obtaining  convenient  and  lasting  supplies. 

When  Report  L  was  being  prepared  in  the  fall  of  1875, 
the  gas  wells  at  Lardintown,  Saxon  Station,  Freeport,  Leech- 
burg,  and  Apollo  were  in  their  prime,  and  beyond  them 
to  the  south-west  no  promising  deposits  of  gas  were  known. 
The  characteristics  of  the  wells  then  producing,  the  initial 
experiments  at  piping  gas  long  distances,  and  its  applica- 
tion to  iron- working  are  so  fully  discussed  in  appendices 
B,  C,  D,  and  E  that  they  require  no  further  notice  here. 
The  pipe  line  from  Lardintown  is  still  working  successfully, 
but,  for  a  year  or  more,  the  old  Harvey  well  has  not  con- 
tributed any  gas  to  it,  having  gradually  weakened  in  power 
and  succumbed  to  accumulations  of  water.  Twelve  addi- 
tional wells  have  been  drilled,  some  obtaining  gas  in  the 
"  First-sand  "  horizon  and  some  about  50()  feet  lower,  in  the 
"Fourth-sand."  Seven  of  these  have  been  abandoned, 
leaving  iive  connected  with  the  pipe,  and  these  altogether 
are  probably  not  furnishing  as  large  a  quantity  of  gas  as 
the  Harvey  well  alone  produced  ten  years  ago. 

The  Saxon  Station  well  has  been  utilized  for  making  lamp- 
black, and,  standing  alone,  still  flows  with  considerable 
volume. 

At  Freeport  and  Leechburg,  ten  or  twelve  wells  have  been 
put  down,  but  all  are  of  moderate  capacity.  The  old  Leech- 
burg well  still  produces  some  gas.  The  Apollo  wells  are 
all  small. 

Three  miles  south-westerly  from  Apollo,  the  Pine  Run 
well,  in  Washington  township,  failing  to  get  either  gas  or 
water  in  the  Murraysville-Leechburg  sand,  drilled  on  about 
125  feet  below  it  to  another  sand^  and  got  a  very  good  flow 
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of  gas.  This  was  in  Jannary  last,  and  since  then,  several 
wells  at  Apollo  and  Leechburg  have  been  deepened,  in  some 
cases  with  improvement,  but  not  to  the  extent  anticipated. 

About  three  miles  south-east  of  Pine  Bun  well  is  the  old 
Beaver  Valley  well,  completed  in  1878,  a  few  days  before 
the  first  well  (Haymaker  No.  1)  at  Murraysville,  nine  miles 
south-west,  and  claimed  by  Mr.  Mehaflfey,  one  of  its  owners, 
to  have  been  quite  as  large  a  gasser.  As  no  oil  was  obtained, 
the  well  was  abandoned  without  casing.  The  derrick  was 
afterwards  burnt,  but  the  roaring  gas  and  rising  column  of 
fire  and  water  still  marked  the  spot.  For  eight  years  this 
struggle  between  gas  and  water  has  gone  on,  and  still  the 
gas  maintains  sufficient  power  to  lift  the  column  spasmodi- 
cally and  to  sustain  a  continuous  gas  flow,  which  makes  a 
flame  about  16  feet  high.  This  well  is  not  far  from  the  axis 
of  the  Murraysville- Roaring  Run  anticlinal,  on  which,  about 
two  miles  and  a  half  to  the  north-east,  and  exactly  in  the 
mouth  of  Roaring  run,  a  deep  well  was  sunk  in  the  spring 
of  1885,  which  found  no  gas  of  value. 

Here  we  have  a  good  illustration  of  the  uncertainties  that 
must  ever  attend  all  operations  for  oil  and  gas.  A  large 
gas  well  (Beaver  valley)  on  an  anticlinal,  in  the  Murrays- 
ville-Leechburg  sand ;  a  good  gas  well  (Pine  run)  in  a  syn- 
clinal, where  the  Preeport  upper  coal  is  found  210  feet  lower 
than  at  Beaver  Valley  well,  but  in  a  sand  126  feet  deeper 
than  the  Leechburg  sand  ;  a  dry  hole  on  the  anticlinal  with 
no  available  gas  in  either  of  the  gas  horizons  of  the  other 
wells,  and  all  within  a  radius  of  less  than  two  miles. 

The  Tarentum  or  Bull  Creek  gas-field,  in  the  northwest- 
em  townships  of  Allegheny  county,  was  first  tapped  by  the 
well  of  Graflf,  Bennett  &  Co.,  in  June,  1878,  (I*,  p.  406,)  but 
the  value  of  the  find  was  not  appreciated  until  several  years 
later,  when,  after  three  or  four  unsuccessful  wells  had  been 
sunk  near  it  and  to  the  east,  Messrs.  Pord  and  Nelson  ven- 
tured about  a  mile  northwardly  up  Bull  creek  and  brought 
in  a  large  gas  well  in  January,  1883,  which  started  a  devel- 
opment that  has  resulted  in  defining  one  of  the  most  pro- 
lific and  important  gas  pools  of  the  country.  Over  twenty 
wells  have  been  drilled  by  companies  who  own  and  operate 
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their  own  wells  and  pipe  lines,  and  the  supply  is  ample  for 
the  town  of  Tarentum,  the  large  Plate  Glass  Works  at 
Creighton,  the  Pennsylvania  Salt  Manufacturing  Company 
at  Natrona,  the  Paper  Mills  of  Godfrey  &  Clark,  and  the 
Bottling  Works  of  Richards  &  Hartley.  The  Philadelphia 
Company  is  also  piping  large  quantities  to  Pittsburgh, 
(about  twenty- two  miles,)  and  the  Hite  Gas  Company,  hav- 
ing laid  a  ten-inch  main  to  the  city  limits  and  being  de- 
barred from  entering,  are  forced  to  allow  their  product  to 
waste. 

The  Tarentum  district  is  the  most  northerly  one  contribu- 
ting to  Pittsburgh.  The  others  are  Murraysville,  on  the 
east,  in  the  westerly  edge  of  Westmoreland  county  ;  Home- 
wood,  partly  within  the  city  limits,  and  Hickory,  on  the 
west,  in  Mount  Pleasant  and  Cross  Creek  townships,  Wash- 
ington county.  Cannonsburg,  Washington  county,  and 
Montour,  Allegheny  county,  will  soon  be  added. 

The  fact  seems  to  be  clparly  established  that  all  of  these 
derive  their  gases  from  the  Venango-Butler  group  or  from 
sandstones  above  it :  Murraysville  from  the  representative 
of  the  First-sand ;  Homewood  and  Cannonsburg  from  a 
higher  horizon;  Hickory  from  a  lower — and  also  Jones  and 
Laughlins'  wells  in  the  city  and  Homestead  well  six  or 
eight  miles  up  the  Monongahela.  Hickory  and  Cannons- 
burg also  produce  largely  from  the  Homewood  sandstone. 
These  specilic  identifications,  however,  are  provisional,  for, 
as  previously  explained,  the  facts  at  command  are  as  yet 
too  meager  to  base  positive  deductions  upon. 

Murraysville  may  justly  claim  to  be  the  ''phenomenal" 
gas  field  of  the  country.  On  a  narrow  strip  of  territory 
about  five  miles  long  over  thirty  wells  have  been  drilled — 
the  most  of  them  within  the  last  year — without  a  single 
failure.  The  first  well  (Haymaker  No.  1)  was  completed 
in  1878,  and  for  five  yeai*s  its  product,  equivalent  in  heating 
power,  probably,  to  1,000  tons  of  coal  per  day,  was  allowed 
to  waste.  In  1883,  other  wells  were  drilled  and  a  pipe  line 
laid  to  East  Liberty,  Pittsburgh,  to  which  this  well  was  at- 
tached in  November.  In  the  same  year  another  line  was  laid 
from  the  Lyons  Run  wells  (a  part  of  the  MuiTaysville  belt) 
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to  the  Edgar  Thompson  Steel  Works  near  Braddock.  Since 
then  six  or  eight  other  mains  of  different  capacities  have 
been  run  from  the  district  to  Pittsburgh  and  McKeesport, 
and  still  much  gas  is  going  to  waste.  At  present  the  Phil- 
adelphia Company  controls  all  the  outlets  except  one  be- 
longing to  the  People's  Natural  Gas  Company,  whose  main 
is  laid  to  the  city  limits  and  awaits  permission  to  enter. 

It  would  be  interesting  to  know  what  effect  the  escape 
of  so  much  gas  has  had  upon  the  normal  pressure  in  the 
Murraysville  pool;  but  none  of  the  wells  here  have  been 
properly  equipped  for  testing  pressures.  To  confine  the 
gas  in  these  wells  even  to  a  pressure  of  360  to  400  lbs.  to 
the  square  inch  would  be  a  hazardous  undertaking,  for  it 
might  lift  the  casing  and  greatly  damage  the  well.  In  the 
northern  gas-fields,  wells  are  cased  and  packed  in  such  a 
manner  that  they  can  be  controlled  without  danger.  When 
the  product  of  a  well  is  not  needed  for  a  time,  a  gate  is 
closed  and  the  flow  stopped.  In  the  Wilcox  district  the 
pressure  runs  up  to  about  675  pounds  to  the  square  inch 
and  then  remains  stationary.  In  the  Allegany,  New  York, 
district  it  checks  at  about  400  pounds ;  while  in  some  parts 
of  Butler  county  it  does  not  venture  above  250  pounds. 

The  Murraysville  wells  are  run  under  a  safety  valve 
pressure  of  from  150  to  200  lbs.  as  circumstances  may  re- 
quire ;  and  if  the  supply  at  that  pressure  is  in  excess  of 
the  demands  of  the  delivery  pipes,  a  waste  lead  allows  the 
surplus  to  escape  and  burn  at  the  wells.  In  this  way 
hundreds  of  millions  of  cubic  feet  of  gas  have  been  wan- 
tonly consumed,  when  it  should  have  been  husbanded  for 
future  use.  The  popular  fallacy  that  these  southern  gas 
iields  are  inexhaustible  is  responsible  to  a  great  degree  for 
this  improvident  waste.  With  proper  appliances  the  weils 
here  could  be  controlled  as  readily  as  in  any  other  district, 
even  allowing  that  the  pressure  might  run  up  to  1,200 
pounds  to  the  square  inch,  as  some  claim  it  is  capable  of 
doing.  And  until  this  is  done  we  shall  never  know  just 
what  effect  the  multiplication  of  wells  is  having  upon  the 
resources  of  the  pool — unless  some  remarkable  decrease  of 
production  becomes  plainly  apparent — for  all  that  now 
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can  be  learned  is  that,  ^^the  wells  do  not  interfere  with 
each  other  and  are  yielding  as  largely  to-day  as  when  first 
opened." 

At  Homewood,  Twenty-first  ward,  Pittsburgh,  a  very 
strong  gas  well(Westinghouse  No.  1)  was  struck  in  May, 
1884.  It^ve  promise  of  an  immense  yield;  but  some  water 
accompanied  the  gas,  and  fearing  it  might  eventually  prove 
detrimental,  efforts  were  made  to  case  it  oflf.  While  ex- 
perimenting to  this  end  the  volume  of  gas  decreased  and 
ever  since  the  well  seems  to  have  made  a  very  unsatisfac- 
tory record.  Fourteen  holes  have  been  drilled  in  the  neigh- 
borhood of  this  well  on  the  popular  north-east  south-west 
line,  two  of  which  are  outside  the  city  limits.  All  had  a 
show  of  gas  for  a  while,  but  only  three  or  four  of  the  most 
north-easterly  ones  appear  to  be  profitable  producers.  One 
of  the  partial  failures  has  been  deepened,  but  how  much  and 
with  what  results  cannot  be  learned. 

The  Hickory  district  was  opened  by  the  McGuigan  well 
in  March,  1882.  The  gas  had  extraordinary  power  and 
volume,  but  being  so  far  from  market,  was  allowed  to 
waste  for  a  year  or  more,  when  a  six-inch  main  was  laid  to 
Birmingham,  about  22  miles.  In  1884  two  other  large 
wells  were  struck  in  the  immediate  vicinity  of  Hickory 
post  oflBce  ;  but  they  are  only  about  1,060  feet  deep,  while 
the  McGuigan  is  2,237  feet.  Hence  there  are  two  import- 
ant gas  horizons  here,  one  probably  in  the  Homewood 
sandstone,  the  other  well  down  towards  the  bottom  of  the 
Venango-Butler  group.  Still  later,  two  more  wells  were 
drilled  and  continued  down  to  the  McGuigan-sand.  The 
supply  of  gas  from  these  four  wells  is  enormous  and  a  pipe 
line  has  been  laid  to  convey  it  to  Pittsburgh.   • 

The  Cannonsburg  field,  as  before  stated,  produces  gas 
from  two  horizons.  Three  or  four  wells  have  been  drilled, 
others  are  under  way,  and  a  pipe-line  will  soon  connect  it 
with  the  city. 

At  Washington  five  gas-wells  have  been  drilled.  They 
are  fairly  prolific,  but  altogether  furnish  hardly  sufiicient 
gas  to  supply  the  town. 

The  Bridgewater  field,  in  Beaver  county,  gives  promise 
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of  great  capacity  and  endurance.  It  was  opened  in  the 
spring  of  1884.  Phillipsburg,  Beaver,  Rochester,  New 
Brighton  and  Beaver  Falls,  are  being  supplied  with  gas 
from  it,  and  it  seems  capable  of  responding  to  any  other 
demands  that  may  be  made  upon  it. 

The  old  Fettennan  well,  spotted  above  Beaver  Falls,  and 
referred  to  in  Report  I*,  page  142,  seems  to  have  been  a 
large  gas-producer  in  1863,  but  wells  since  drilled  in  that 
vicinity  have  not  proved  very  prolific. 

Two  wells  at  Belle vernon,  Fayette  county,  are  yielding  a 
moderate  flow  of  gas  from  a  sand  lying  considerably  below 
the  Pittsburgh  salt-water  sand.  Its  exact  horizon  cannot 
be  stated  until  the  records  of  the  wells  are  obtained. 

These  facts  are  given  merely  as  explanatory  notes  to  the 
map.  Just  now  every  interest  connected  with  the  produc- 
tion, transportation  and  consumption  of  natural  gas  is  rap- 
idly expanding.  New  fields  are  being  eagerly  prospected  ; 
new  wells  are  almost  daily  completed  ;  new  pipe-lines  pro- 
jected, and  old  ones  enlarged  and  extended ;  the  develop- 
ments on  every  hand  are  so  rapid  and  important  that  defi- 
nite outlines  of  gas-pools  and  exact  descriptions  of  gas- 
plants  become  obsolete  even  while  being  prepared  and  pub- 
lished. 


Chapter  IV. 

Theories  of  oil  and  gas. 

In  the  Fourth  Annual  Report  of  the  United  States  Geo- 
logical Survey,  1882-83,  Mr.  Albert  Williams,  Jr.,  has  the 
following  introductory  to  an  article,  entitled  '*  Popular  Fal- 
lacies Regarding  Precious-Metal  Deposits  : " 

"The  tendency  to  generalize  from  incomplete  data  is  a 
failing  to  which  the  practical  miner,  in  common  with  the 
theorist,  must  sometimes  plead  guilty.  The  latter  is  often 
too  ready  to  formulate  a  law  from  a  narrow  range  of  obser- 
vation ;  too  prompt  in  offering  an  explanation  for  each  new 
phenomena.  The  former,  whose  work  brings  him  in  con- 
tact with  varied  occurrences  in  nature,  rightly  enough 
forms  his  conceptions  and  expectations  from  what  he  has 
seen  and  knows — and  he  is  indeed  a  keen  observer — but 
often  reasons  from  too  limited  a  base-line.  On  the  one 
hand,  the  study  of  mineral  deposits  has  been  clogged  by  a 
mass  of  premature  hypotheses  ;  on  the  other,  the  search 
for  and  development  of  mines  often  have  been  conducted 
under  the  bias  of  preconceived  prejudice.  Besides  the  un- 
conscious and  ineradicable  reliance  on  a  priori  methods  and 
doubtful  analogies,  there  is  another  important  source  of  er- 
ror which  is  common  to  all  branches  of  inquiry.  Some  one 
puts  forth  a  suggestion ;  it  may  be  the  sheerest  piece  of 
guess-work,*  but  it  finds  its  way  into  print,  floats  with  the 
current  literature  of  the  subject,  and  by  virtue  of  iteration, 
becomes  accepted  as  fact  without  perhaps  ever  having 
been  seriouslv  scrutinized.  These  are  the  causes  which  ex- 
plain  most  of  the  popular  misconceptions  that  have  gained 
circulation  regarding  precious-metal  deposits." 

"The  work  of  the  mining  geologist  in  large  part  consists 
in  demolition  ;  in  clearing  away  the  rubbish  of  overthrown 
errors  to  obtain  foundation  room  on  which  slowly  to  build 
a  sound  structure ;  in  sifting  and  weighing  a  mass  of  spec- 
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ulations  in  the  search  for  material.  On  the  practical  side, 
the  progressive  miner  learns  that  the  features  of  a  single 
district  or  ui  a  few  localities  may  not  be  an  unfailing  index 
to  the  characters  of  all  other  deposits  ;  but  he  is  at  rimes 
hampered  by  established  prejudices  which  have  all  the 
weight  of  precedents.  Fortunately  the  spirit  of  modern 
investigation  tends  rather  to  the  collection  of  facts  than 
to  speculation.  It  is  now  underatood  that,  given  sufficient 
data,  the  laws  evolve  themselves  ;  and  that  the  i*eversal  of 
the  logical  sequence,  putting  the  theory  first  and  then 
searching  for  facts  to  fit  it,  tends  only  to  hopeless  perplex- 
ity." 

These  remarks  are  as  pertinent  to  mining  for  oil  and  gas 
as  they  are  to  mining  for  precious  metals.  The  petroleum 
industry  has  its  ''practical  miners"  and  its  "theorists," 
its  misleading  ''current  literature"  and  its  sanguine  oper- 
ators, prone  to  accept  and  act  upon  almost  any  attractive 
hypothesis  without  "seriously  scrutinizing"  it. 

Ever  since  the  first  oil  well  was  struck,  oil  producers  have 
been  unreasoningly  following  popular  theories,  having  very 
little  if  any  foundation  in  fact.  In  applying  these  theories 
to  practice,  a  study  of  the  surface  indications  only  was 
deemed  needful,  and  the  much  moreinportant  teachings  of 
the  drill,  were,  until  quite  recently,  almost  entirely  ignored. 

At  first,  well  sinkers  clung  tenaciously  to  the  valleys, 
berause  they  had  a  theory  that  the  streams  flowed  in 
chasms  rent  by  upheavals  and  crackings  of  the  earth-crust, 
and  that  oil-leads  followed  the  lines  of  such  fissures. 

Then,  after  some  petroleum  seeker  had  experimentally 
located  a  well  upon  a  hill,  and,  contrary  to  the  predictions 
of  th«*orists  obtained  a  large  flow  of  oil,  a  ridge  theory  came 
into  favor.  It  was  now  argued  that  the  hills  had  been  up- 
lifted, and  oil  and  gas,  seeking  the  higher  levels,  should  be 
more  plentiful  on  ridges  than  in  valleys.  This  theory  is 
still  quietly  held  by  some  experienced  operators,  and  the  re- 
salts  of  it  may  be  seen  from  Allegany  county,  New  York,  to 
Pittsburgh,  in  the  numerous  wells — ^a  great  majority  of  them 
dry — that  dot  the  dividing  ridges  between  north -flowing  and 
south-flowing  streams. 
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A  third  theory  adopted  for  its  sarface  indications,  the 
deer-licks  and  boggy-springs  which  follow  the  outcrops  of 
the  i)ebbly  conglomerate  rocks.  The  conglomerate  has  prob- 
ably incited  more  wild-catting  than  any  other  surface  indi- 
cation ;  and  it  is  entitled  to  the  credit  of  having  led  to 
many  new  developments ;  not  because  it  is  itself  in  any  way 
an  index  to  oil — for  as  a  definite  locator  it  has  no  signifi- 
cance  whatever — but  because  its  supposed  relations  to  the 
oil  rocks  according  to  this  theory  gave  prospectors  courage 
to  drill  wherever  such  rock  was  seen  or  might  be  found, 
whether  in  New  York  or  in  Kentucky  ;  and  the  hundreds 
of  wells  sunk  in  consequence  of  its  presence  in  locations 
that  otherwise  would  have  been  neglected  have  accidentally 
brought  forth  some  good  results. 

A  fourth  theory  may  be  called  the  theory  of  spiritualism 
or  magic.  Dreams  and  the  divining-rod  in  all  its  various 
forms  have  always  had,  and  strange  to  say  continue  still  to 
have,  their  votaries  among  oil  producers.  Successful  loca- 
tions, in  fact,  have  been  occasionally  made  under  this 
guidance ;  for  inside  the  limits  of  the  oil  regions,  even  hap- 
hazard locations  must  sometimes  succeed.  But  the  follow- 
ers of  spiritual  or  magical  rites  have  averaged  more  failures 
and  sunk  more  money  for  their  friends  and  for  themselves 
than  any  other  class  of  operators  in  the  country ;  and  it  is 
a  fact  well  worthy  of  attention  that  not  one  instance  is  re- 
corded where  a  well  located  by  any  of  these  mysterious 
agencies  tapped  the  richest  part  of  an  oil  pool.  Professing 
to  be  able  to  follow  narrow  oil-leads  for  miles,  to  locate 
cross  veins  with  absolute  accuracy,  and  to  map  out  all  the 
intricacies  of  the  oil  rocks,  the  advocates  of  this  method 
fail  in  practice  to  secure  even  the  average  share  of  success 
which  falls  to  the  lot  of  the  uninitiated. 

A  fifth — the  heU-line  theory — has  for  many  years  over- 
shadowed all  others,  and  still  to  a  great  extent  holds  its. 
sway  over  the  majority  of  minds.  But  it  has  been  gradu- 
ally modified  so  as  to  become  merely  an  adjunct  to  the 
pool  theory  for  oil  and  the  anticlinal  theory  for  gas.  When 
unconfined  by  arbitrary  compass  lines  and  intelligently 
employed  in  connection  with  the  facts  developed  by  the 
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drill,  it  is  unquestionably  of  some  assistance  in  tracing  out 
an  oil  field,  and  for  the  following  reasons :  The  general  lines 
of  geological  structure  in  this  part  of  the  Appalachian  basin 
run  approximately  north-east  and  south-west ;  its  sand  beds 
4ire  elongated  in  that  direction ;  they  come  in  at  different 
horizons,  not  always  one  exactly  over  another,  but  the 
liigher  ones  overlapping  towards  the  north-west,  as  if  mark- 
ing the  trend  of  old  currents  and  old  shore  lines ;  its  shale 
^eds  and  red  rocks  have  a  similar  structure ;  its  anticlinals 
4ilso  take  the  same  general  direction — therefore  a  belt-line 
judiciously  followed  in  harmony  with  these  prevailing 
lines  of  structure  keeps  the  operator  on  a  range  of  country 
containing  the  maximum  possibilities  of  success. 

A  sixth — the  pool  theory — claims  that  the  oil-bearing 
rocks  were  deposited  in  detached  patches,  of  greater  or  less 
extent,  and  not  in  long,  narrow,  continuous  ribbons,  as 
claimed  by  thorough-going  belt-liners.  This  theory  is  now 
in  favor  with  prospectors  both  for  oil  and  for  gas.  In  1880, 
when  it  had  few  adherents,  Chapter  25  of  Report  I*  was 
written  for  the  purpose  of  directing  thoughtful  criticism  of 
it.  A  reference  to  that  publication  will  make  further  discus- 
sion of  it  here  unnecessary. 

Seventh — the  Anticlinal  tJieory — that  gas-wells  should 
always  be  located  on  anticlinals,  and  not  in  synclinals,  be- 
cause gas  is  lighter  than  water  or  oU,  and  should  seek  the 
highest  reservoirs,  premises  a  permeable  sand-rock  contain- 
ing water,  oil  and  gas,  or  only  water  and  gas  in  such  pro- 
portions, and  under  3uch  conditions,  that  the  fluids  may 
istratify  themselves  as  freely  and  completely  as  they  would 
do  in  an  open  tank  under  air,  the  water  and  oil  at  the 
iower  levels  and  gas  at  the  higher. 

There  is  nothing  new  in  the  theory,  as  many  suppose,  for 
it  has  been  long  ago  discussed  and  illustrated  in  text-books 
on  geology  and  in  nearly  every  book  published  relating  to 
the  production  of  petroleum.  Well-locators,  however, 
gave  it  but  little  attention  until  developments  intended  ex- 
clusively for  natural  gas  commenced. 

Wherever  the  proper  conditions  exist  there  seems  to  be 
no  objection  to  accepting  an  anticlinal  as  one  of  the  factors 
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in  locating  gas-wells  ;  but,  in  most  cases,  it  is  being  too  in- 
considerately nsed,  without  giving  dne  thonght  to  other 
and  much  more  important  consiaerations. 

First,  it  is  proven  by  the  experiences  of  over  25  years 
that  no  profitable  oil  or  gas- well  can  be  obtained  in  the  Up- 
per Devonian  strata  and  rocks  of  later  ages  in  the  Pennsyl- 
vania oil-fields  nnless  a  good  sand-rock  reservoir  is  found. 
Second,  it  is  a  generally  accepted  conclusion  that  the  oil 
and  gas-making  material  was  deposited  before — and,  per- 
haps, in  some  cases  with — the  producing  sand-rock,  not 
after  it ;  that  the  tendency  of  gas  and  oil  when  generated 
is  upward,  not  downward.  Therefore,  the  two  primary  con- 
ditions to  be  sought  are  gas-producing  materials  and  sand- 
rock  reservoirs  to  hold  the  products.  All  others  are  sec- 
ondary, for,  without  these,  no  profitable  oil  or  gas-wells 
can  be  had. 

Now,  what  has  an  anticlinal  to  do  with  these  indispensa- 
ble qualifications  ?  Evidently  nothing,  in  a  primary  sense, 
for  it  had  no  existence  when  they  were  being  prepared. 
Nevertheless,  I  have  heard  experienced  operators,  self-con- 
fident in  their  geological  acquirements,  assert  that  certain 
oil-fields  could  not  extend  beyond  fixed  limits  on  account 
of  anticlinals  which  interrupted  the  deposition  of  the  oil- 
sands  when  they  were  forming. 

It  is  well  known  that  all  our  oil  rocks  are  sedimentary  ; 
that  they  are  composed  of  materials  derived  from  older 
rocks,  the  disintegrated  particles  of  which  have  been  sifted, 
assorted,  and  deposited  in  stratified  layers  by  the  action  of 
water.  These  rocks  are  known  to  be  several  thousand  feet 
in  thickness,  and  untold  ages  elapsed  while  they  were  form- 
ing. For  the  purposes  of  this  discussion  we  need  go  no 
farther  back  in  the  eons  of  the  past  than  the  time  when  the 
Murmysville  gas-sand  (taking  a  definite  stratum  to  avoid 
confusion)  was  completed  by  those  changes  of  conditions — 
whatever  they  were — which  terminated  the  sand  deposits 
at  that  spot  and  commenced  to  lay  down  the  overlying 
shales.  At  that  date  the  two  most  important  requisites  for 
a  future  gas-field  had  been  provided.  The  eras-makiner  ma- 
terial had  been  deposited  ;  the  receiving  tank,  so  to  speak* 
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put  in  place,  and  the  impervious  cover  was  being  put  on. 
But  the  sedimentary  deposits  were  not  yet  completed. 
Other  carbonaceous  shales,  other  sandrocks,  alternating 
with  beds  of  coal,  slates,  fire-clays,  and  limestones  were  yet 
to  be  superimposed  to  a  height  of  3,000  feet  or  more.  These 
all  were  deposited  in  the  course  of  time  in  regularly  strat- 
ified layers,  showing  that  no  deep-seated,  unequal. or  local 
disturbance  had  occurred  up  to  the  date  of  their  comple- 
tion. Subsequently  some  great  change  took  place.  The 
whole  region  was  lifted  above  ocean  level ;  the  Allegheny 
mountains  rose  in  crested  ridges  and  the  Murraysville  anti- 
clinal with  other  comparatively  minor  flexures  was  formed. 

Now  what  effect  could  these  anticlinal  movements  have 
had  upon  the  gas-producing  capabilities  of  the  rocks  at 
Murraysville,  where,  as  we  have  seen,  the  gas  materials  and 
the  reservoirs  had  been  provided  ages  before?  Had  the 
hydrocarbons  stored  in  the  shales  lain  dormant  all  these 
ages  awaiting  some  awakening  energy  to  set  them  free 
which  could  only  be  furnished  by  the  crush  and  pressure 
accompanying  anticlinal  movements  ?  This  can  hardly  be 
admitted,  for  oil  and  gas  are  plentifully  found  in  regions 
where  the  rocks  have  not  been  so  affected.  Did  the  anti- 
clinal movement  open  up  crevices  below  the  gas-sand  lead- 
ing down  to  some  dJBep-seated  store-house  of  gas  beneath 
the  sedimentary  rocks?  This  question  is  open  to  the  same 
objection  as  the  former  one;  and,  furthermore,  is  it  not 
reasonable  to  suppose  that  the  side  thrust  and  pressure 
which  caused  these  anticlinals  to  rise  would  have  a  tendency 
to  consolidate  the  basal  shales  confined  under  a  heavy  mass 
of  incumbent  stratAJ  and  to  fracture  and  loosen  the  rocks 
near  the  surface  if  anywhere  ?  Is  it  probable  that  gas  after 
forcing  its  way  up  through  thousands  of  feet  of  clay-shales 
and  slates,  such  as  have  been  penetrated  by  wells  to  the 
depth  of  at  least  1,800  feet  without  encountering  any  notice- 
able leads,  would  stop  in  the  gas-sand,  only  checked  by  a 
covering  of  a  few  feet  of  clay-shale  overlaid  mostly  by 
sandstone  to  the  surface? 

If  then,  anticlinals  had  no  part  in  depositing  the  gas- 
making  materials  and  sand-bed  reservoirs,  were  not  the 
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special  agents  that  caused  the  generation  of  gas  to  com- 
mence, and  did  not  open  crevices  to  deep-seated  sources 
of  unlimited  supplies,  what  other  favorable  conditions 
could  they  have  been  instrumental  in  originating  to  make 
them  more  prolific  in  gas  now  than  any  other  locality? 
I  can  imagine  but  one,  which  is  this  :  When  the  anticlinal 
up-lift  tilted  and  warped  the  previously  horizontal  strata, 
destroying  the  equilibrium  of  the  fluids  in  them,  a  new 
adjustment  of  their  positions  in  the  sand-beds  followed. 
This  readjustment,  in  cases  where  all  the  conditions  were 
favoi*able,  probably  resulted  in  storing  larger  quantities  of 
gas  in  the  anticlinals  than  elsewhere ;  but  we  have  no  as- 
surance that  all  the  arches  were  thus  fortunately  circum- 
stanced, or  that  the  conditions  making  one  part  of  an  arch 
productive  would  be  equally  efficient  in  another  part. 

The  drill  has  demonstrated  that  the  x)ermeable  sand  rocks 
lie  in  beds  so  enclosed  in  impervious  shales  that  each  bed 
practically  forms  a  reservoir  by  itself.  (See  I*,  Chapter  25.) 
In  certain  horizons  these  sand  beds  are  numerous  and  per- 
sistent, as  for  instance,  in  the  Venango-Butler  group.  But 
each  individual  bed  has  its  locus  and  its  characteristic  fluids. 
In  the  same  well  one  may  produce  water,  another  oil,  another 
gas,  another  a  mixture  of  all  three  and  only  a  few  feet  of 
shale  intervene  between  the  different  layers  of  sandstone. 
All  these  rocks  were  equally  affected  by  the  general  uplift 
and  now  lie  dipping  to  the  southwest  at  an  average  rate 
of  from  18  to  22  feet  per  mile.     (See  I»,  Plate  8.) 

If  the  sand  rocks  were  continuous,  instead  of  being  in 
chains  of  beds  or  pools,  and  sufficiently  porous  to  allow 
fluids  to  circulate  through  long  distances,  say,  for  instance, 
from  the  southerly  part  of  the  Butler  oil  belt  at  Herman 
station  to  Murraysville — then  according  to  the  principles 
upon  which  the  anticlinal  theory  is  founded,  the  Murrays- 
ville rock  should  now  be  deluged  by  water  while  the  Her- 
man Station  rock  should  be  stored  with  gas  ;  for  the  mon- 
oclinal  slope  of  22  '±  to  the  mile  would  submerge  the  anti- 
clinal at  Murraysville  where  the  gas  sand  on  the  crown  of 
the  arch  is  more  than  200  feet  lower  than  it  is  at  Herman 
Station. 


CarlL^  OIL  and  gas.     chapter  iv.  49 

In  applying  the  anticlinal  theory  to  locating  gas-wells, 
this  great  monoclinal  slope  has,  in  most  cases,  been  lost 
sight  of  by  those  who  do  not  understand  the  geological 
structure  of  the  country.  Knowing  the  tendency  of  gas  to 
seek  the  higher  levels,  and  only  stopping  to  learn  that  an 
anticlinal  is  an  arch  in  the  rocks,  they  procure  a  geological 
report,  trace  out  the  anticlinal  referred  to,  secure  leases 
upon  it,  as  they  suppose,  and  drill  wells.  If  no  gas  is  ob- 
tained, the  Survey  is  charged  with  not  having  located  tlie 
anticlinals  correctly.  They  overlook  the  fact  that  the  crests 
of  anticlinals  slope  with  the  progressive  dips  of  all  the  rocks 
towards  the  south-west,  and  that  this  has  an  important 
bearing  upon  the  question  of  anticlinal  reservoirs.  For  ex- 
ample, the  Brady's  Bend  arch  is  450'±  lower  at  the  Ohio 
river  than  it  is  at  Lardintown,  Butler  county  ;  the  Mur- 
invsville  axis  is  2S0'±  lower  where  it  crosses  the  Pennsvl- 
vania  raih'oad  than  at  Murraysville.  Now,  if  the  whole 
county  between  Lardintown  and  the  Ohio  is  underlaid  by 
a  permeable  sandstone  containing  water  and  gas,  and  which 
produces  gas  at  Lardintown,  on  the  crown  of  the  arch,  and 
water  on  its  flanks  (in  the  synclinals,)  say,  225  feet  below 
its  crest,  then,  if  the  fluids  are  free  to  seek  natural  levels, 
water  would  cross  the  anticlinars  crest  half  wav  between 
Lardintown  and  the  Ohio  (for  there  the  crest  has  fallen  225 
feet,  which  puts  it  on  a  level  with  the  watered  synclinal  at 
Ltirdintown,)  and  going  south-westerly  from  that  point  the 
anticlinal  must  be  as  thoroughly  water-logged  as  the  syn- 
clinals. Hence,  this  universally-prevailing  monoclinal  dip 
is  quite  as  important  a  factor  in  locating  gas-wells  as  the 
anticlinals  are  ;  for,  while  the  former  affects  the  whole 
country,  the  latter  only  favorably  affect  local  areas. 

This  persistent  south-westerly  dip  has  been  referred  to 
time  and  again  in  our  geological  reports.  From  the  oil- 
fields of  New  York  to  the  gas-fields  of  Pittsburgh  it  may 
be  noticed  that  the  south-westerly  ends  of  productive  pools 
frequently  contain  more  water  than  the  higher  slopes.  The 
Brady's  Bend  axis  has  been  found  full  of  water  up  to  a  cer- 
tain point  going  north-east;  so  has  the  Murraysville;  so 
has  the  Bull  creek  or  Tarentum.  In  fact,  if  the  anticlinal 
4 


50  GEOLOGICAL  SURVEY  OF  PENNA,  1885. 

theory  is  worth  anything,  this  phase  of  it  requires  to  be 
specially  studied. 

As  before  stated,  the  productive  sandrocks  of  the  oil-re- 
gions are  generally  deposited  in  elongated  beds,  stretching 
out  in  a  north-east  and  south-west  direction.  One  of  these, 
containing  water  and  gas,  might  lie  between  two  anticlinals 
scarcely  affected  by  either;  in  which  case,  according  to  the 
anticlinal  theory,  the  elevated  north-eastern  end  should  be 
good  gas-territory,  although  it  might  lie  exactly  in  a  syn- 
cline.  Another  bed  might  trend  down  from  the  unwarped 
regions  at  the  north  and  have  its  southerly  end  uplifted  by 
an  anticlinal.  Say  it  is  ten  miles  long — nine  miles  on  the 
monoclinal  slope  carries  it  down  about  200  feet,  and  if  it 
rises  100  feet  in  the  next  mile  to  the  crown  of  the  anticlinal, 
it  is  there  level  with  a  point  in  the  same  stratum  four  and 
a  half  miles  from  its  northerly  end ;  and  should  the  sand 
bed  contain  a  little  more  water  than  gas,  or  its  southerly 
end  have  less  storage  capacitj'  than  its  northerl}'^  end,  the 
sand  on  the  anticlinal  would  be  as  completely  water-logged 
as  in  the  synclinal  north  of  it.  Carrying  the  illustration 
still  farther,  if  another  sandrock  at  a  higher  or  lower  geo- 
logical level  commences  under  this  anticlinal  and  extends 
southwardly,  it  should  be  gas-bearing  not  only  on  the  anti- 
clinal, but  also  in  the  syncline  towards  the  south,  unless  it 
has  but  little  length  or  is  uplifted  by  another  anticlinal  a 
short  distance  south. 

The  effects  produced  by  an  anticlinal  are  further  modi- 
fied, no  doubt,  by  the  partial  or  complete  porosity  of  the 
sand-beds,  the  relative  proportions  and  qualities  of  the 
fluids  contained  in  them,  and  the  different  degrees  of  pres- 
sure under  which  they  are  confined. 

These  may  be  called  fanciful  suppositions,  but  they  are 
neither  impossible  nor  improbable,  and  knowing  that  such 
heterogeneous  physical  conditions  may  exist,  we  should  be 
warned  that  no  theory  based  on  one  idea^  however  plaus- 
ible it  may  appear,  is  worthy  of  acceptance.  Yet,  locators 
with  such  theories  are  most  in  popular  favor,  even  with 
many  who  very  well  know  (if  they  would  but  pause  to  con- 
sider) that  no  man  in  any  age,  whatever  his  pretensions 
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mav  have  been,  ever  discovered  an  infallible  rule  for  un- 
erringly  locating  ore  beds  or  oil  and  gas  wells.  And  we 
may  confidently  add  that  the  diversified  conditions  under 
which  all  minerals  exist  make  it  absolutely  certain  that  no 
such  rule  ever  will  be  discovered.  The  oil  regions  are 
strewn  with  financial  wrecks  caused  by  an  overweening 
confidence  in  one-idea  theories  delusively  formulated  upon 
accidental  successes  and  often  having  no  foundation  what- 
ever in  fact. 

8.  The  inexhaustibility  of  natural  gas  wells  is  an- 
other popular  fallacy  which  has  gained  some  stnnding 
since  drilling  for  gas  commenced  near  Pittsburgh,  It 
would  seem  that  the  patent  results  of  oil  and  gas  develop- 
ments in  Pennsylvania  during  the  last  twenty-five  years 
ought  to  satisfy  even  the  most  superficial  investigator  that 
such  a  theory  is  absolutely  untenable.  But  these  theorists 
affirm  that  the  Pittsburgh  gas  pools  are  unlike  those  in  the 
old  oil-regions,  in  that  they  receive  their  supplies  from  a 
deeper  and  never-failing  source.  How  this  belief  can  be 
entertained — except  through  ignorance  of  the  true  condi- 
tions existing — it  is  hard  to  comprehend  ;  for  it  is  clearly 
demonstrated  that  the  gas-producing  rocks  of  both  sections 
belong  to  one  and  the  same  age,  are  identical  in  structure 
and  characteristics,  and  have  similar  geological  associates 
above  and  below  them. 

A  permanent  gas-field  implies  a  number  of  necessary  con- 
ditions, and  suggest  many  curious  questions — among  which 
are  the  following: 

Inexhaustible  wells  must  draw  from  inexhaustible 
sources.  Gas  in  Pennsylvania  is  only  found  in  sand-beds 
of  medium  thickness  and  restricted  geographical  limits. 
Such  beds,  in  themselves,  cannot  be  inexhaustible.  Their 
productive  duration  depends  entirely  upon  the  drafts 
made  upon  tliem — a  simple  problem — if  one  well  can  ex- 
haust one  of  the  beds  in  100  years  how  long  will  it  take 
100  wells  to  do  it  ?  To  make  such  pools  permanent  they 
must  be  constantly  replenished  from  an  unlimited  source. 
This  source,  it  is  claimed,  is  some  deep-seated  laboratory 
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of  nature  capable  of  responding  to  all  demands  that  can  be 
made  uj  on  it. 

The  present  draft  upon  the  Murraysville  pool,  (and  it  is 
being  increased  weekly  by  new  wells — if,  as  it  is  claimed, 
the  pressure  is  not  diminishing)  would  probably  require  a 
feed  pipe  at  least  two  feet  in  diameter  to  maintain  it.  Now 
if  the  pool  is  inexhaustible,  it  must  be  connected  with  the 
unfailing  supplies  by  conduits  of  larger  capacity  than  this, 
for  the  number  of  wells  drawing  upon  it  will  soon  be  more 
than  doubled. 

But  supposing  the  conduits  to  be  equal  in  carrying 
capacity  to  a  two-foot  pipe  only,  how  long  would  it  prob- 
ably take  the  unlimited  gas-making  power  to  fill  the  Mur- 
raysville sand-bed?  Ought  not  ten,  fifteen,  or  twenty 
years  to  suffice  ?  Could  \l  possibly  require  one  hundred 
years  ?  And  if  it  did,  what  an  insignificant  period  of  time 
is  that  in  the  annals  of  the  past!  Can  it  be  possible  that 
natural  gas  commenced  to  generate  in  unlimited  quantities 
only  in  very  recent  times  1  Otherwise,  what  has  become  of 
the  gas  produced  during  former  ages?  When  the  sand 
reservoirs  were  tilled,  did  the  gas-making  stop  ?  If  so, 
what  was  the  maximum  pressure  the  generating  forces 
were  capable  of,  and  why  should  not  all  gas  pools  now  be 
found  under  a  like  pressure?  What  prevented  some  of 
these  pools  from  becoming  overcharged  and  exploding  ? 
A  pool  with  only  600  feet  of  cover,  (and  gas  is  often  found 
at  less  depth)  could  not  be  charged  under  a  pressure  of 
1,000  lbs.  to  the  square  inch,  as  Murraysville  is  supposed 
to  have  been.  Before  attaining  that  point  the  surface 
rocks  would  be  lifted  and  fractured,  and  the  fractures  once 
opened  would  become  permanent  gas  vents — if  gas  wells 
are  to  be  permanent.  Is  it  not  remarkable  that  no  such 
shattered  gas  pools,  no  such  large  gas  vents,  are  to  be 
found?  Perennial  gas  springs  abound  in  some  sections  of 
the  country,  but  if  the  permanent  flow  from  them  is  to  be 
taken  as  the  measure  of  the  capacity  of  the  gas  generating 
forces,  it  is  evident  that  it  is  altogether  too  insignificant  to 
meet  the  demands  of  inexhaustible  theorists. 

The  gas  deposits  around  Pittsburgh  are  evidently  large 
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and  well  stored,  and  capable,  no  doubt,  of  supplying  a  rea- 
sonable number  of  wells  many  years.  But  if  too  copiously 
drawn  upon — ^as  they  are  likely  to  be  under  the  present 
contagious  excitement — not  alone  for  the  purpose  of  sup- 
plying legitimate  demands,  but  also  through  excessive 
drilling  in  all  directions  by  parties  who  have  no  gas  mains, 
but  lease  and  drilLas  a  matter  of  speculation,  wasting  the 
gas  if  successful,  until  a  satisfactory  sale  can  be  forced — 
the}'^  must  soon  become  exhausted  to  such  a  degree  that  it 
will  be  found  necessary  to  extend  the  gas  mains  to  new 
pools  (if  they  can  be  found)  or  to  supply  them  with  manu- 
factured gas. 

Sooner  or  later  these  results  are  inevifaible,  for  it  may  be 
affirmed  with  great  assurance  that  there  are  no  tenable 
reasons  for  believing  that  the  gas  pools  of  Pittsburgh  can 
endure  a  constant  and  excessive  drain  without  sharing  the 
fate  that  has  overtaken  all  the  old  oil  and  gas  pools  along 
the  oil  belt. 


Chapter  V. 

What  remains  unchanged  in  onr  past  knowledge  of  the 

Oeology  of  Petroleum. 

Introduction, 

[The  chief  end  of  applied  science  is  to  teach  practical  prin- 
ciples by  a  recital  of  actual  facts. 

All  the  wisdom  of  the  world  is  based  upon  the  history  of 
men's  doings.  Trne  philosophy  is  history  teaching  by  ex- 
amples. Real  science  rejects  every  theory  that  has  riot 
stood  the  test  of  experience,  and  accepts  every  theory  which 
proves  itself  by  successful  predictions. 

''The  test  of  science  is  the  power  of  prediction,"  but  the 
basis  of  science  is  the  history  of  facts.  '  Men  are  so  pleasur- 
ably  stimulated  by  new  ideas,  whether  wise  or  foolish, 
proved  or  unproved,  that  they  allow  to  drop  out  of  their 
memories  the  positive  information  w^hich  past  facts  have  af- 
forded ;  hence,  the  chief  business  of  science  is  to  collect, 
arrange,  and  impress  upon  the  public  mind  that  mass  of 
already  existing  information  which  is  the  only  check  upon 
a  popular  lust  for  novelties,  and  the  only  sure  guide  to 
sound  practical  knowledge. 

I  take  this  opportunity  for  vindicating  the  character  of  the 
work  of  the  Survey. 

It  has  been  said  in  the  Oil  and  Gas  region  that  the  Geolo- 
gical Survey  of  the  State  has  been  merely  a  recorder  of 
already  well  known  facts,  and  of  new  discoveries,  not  made 
by  its  geologists,  nor  by  any  geologists,  but  by  unprofes- 
sional prospectors  and  well  drillers ;  that,  granting  the 
utility  of  statistical  and  historical  information,  yet  the  Sur- 
vej^  has  been  of  little  i)ractical  use  to  citizens,  because,  in- 
stead of  leading  them  to  discoveries,  it  merely  followed 
them  with  the  purpose  of  recording  their  discoveries  ;  that 
it  kept  behind  the  times,  and  knew  less  than  the  people  of 
the  State  whom  it  pretended  to  instruct. 

(64) 
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This  charge  lias  been  advanced  against  every  geological 
survey  by  persons  of  limited  experience  and  education, 
but  especially  by  such  as  have  a  strong  prejudice  in  favor 
of  some  train  of  ideas  of  their  own  which  they  feel  proud 
of  and  desire  to  introduce  into  the  public  mind.  Their  own 
minds  not  being  disciplined  to  the  patient  and  accurate  in- 
vestigation of  the  facts,  they  expend  their  enthusiasm  for 
the  wonders  of  nature  in  manufacturing  explanations  for 
them  out  of  a  too  scanty  stock  of  materials. 

The  charge  is  improbable  on  its  face.  The  local  pros- 
pector is  intelligent  and  knows  a  great  many  facts,  and  is 
well  acquainted  with  all  the  features  of  the  surface  ;  but 
the  geologist  who  knows  all  the  surface  features  and  in  ad- 
dition to  that  is  well  acquainted  with  the  underground  can 
certainly  form  better  judgments.  The  well  driller  is  a  man 
of  intelligence  and  large  experience  of  a  certain  class  of 
facts  ;  but  his  attention  is  almost  exclusively  devoted  to 
these,  and  his  chief  desire  is  to  get  down  as  speedily  as 
possible  and  at  the  smallest  cost  to  some  rock  on  which 
he  has  fixed  his  mind  ;  so  that  in  all  the  wells  he  has  drilled 
he  has  paid  little  attention  to  the  special  order  and  charac- 
ter of  the  measures  overlying  it.  It  is  evident  that  he  can- 
not be  so  good  a  judge  as  a  geologist  who  has  laboriously 
compared  a  thousand  well  records  and  a  thousand  outcrops 
to  learn  the  whole  truth.  As  to  men  in  business,  how  is  it 
possible  for  them,  with  their  attention  distracted  by  innu- 
merable side  objects  of  interest,  pecuniary  and  executive, 
to  know  as  much  about  purely  geologicial  subjects,  like 
oil  and  gas,  as  geologists  whose  entire  time  is  given  to  the 
investigation  of  such  subjects  ;  to  placing  all  obtainable 
facts  in  every  possible  light  for  reflecting  the  truth  ;  who  are 
uninfluenced  by  personal  interests  and  undistracted  by  bus- 
iness engagements  ?  In  tine,  how  is  it  possible  for  the  most 
thoughtful  and  capable  man  who  only  knows  with  certainty 
the  facts  of  his  own  neighborhood  to  form  a  better  judgment, 
or  have  truer  information,  than  the  geologist  who  has  al- 
ready prepared  himself  for  the  thorough  investigation  of 
that  neigliborhood  by  a  long  and  thorough  study  of  many 
other  similar  regions? 
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To  say  the  least,  such  a  conclnsioii  is  improbable.  The 
thing  speaks  for  itself.  It  will  certainly  be  conceded  that 
professional  geoloo:ists  are  as  intelligent  as  other  men ;  and 
it  must  be  conceded  that  their  oi)portunities  for  wide  and 
accurate  information  respecting  geological  facts  are  much 
greater  than  those  of  other  men,  equally  intelligent.  It  is 
not  immodest  for  geologists  to  say  this  publicly  when  their 
competence  as  public  experts  is  called  in  question. 

Western  Pennsylvania  now  stands  in  a  very  different  at- 
titude to  the  State  Geological  Survey  from  what  it  did  ten 
years  ago.  The  work  of  the  Survey  has  laid  a  wide  and 
deep  basis  of  knowledge,  which  has  been  admimbly  built 
upon  by  the  citizens  of  the  region,  many  of  whom  have  be- 
come perfectly  well  versed  in  the  true  principles  and 
methods  of  geological  research,  and  have  been  applying 
these  methods  and  principles  with  eminent  skill  and  success 
to  the  solution  of  local  problems — skill  as  well  disciplined 
and  success  as  great  as  any  assistant  on  the  State  Survey 
could  expect  to  command  for  himself.  Nothing  could  be 
better  done  in  any  geological  field  than  what  is  now  being 
done  in  the  Pittsburgh  gas  and  oil  region,  in  watching  wells 
as  they  go  down,  getting  and  comparing  well  records,  iden- 
tifying special  rocks  from  well  to  well  over  considerable 
areas,  using  a  fixed  basis  of  measurement  like  the  Pitts- 
burgh coal  bed  for  determining  the  depth  of  oil  and  gas- 
hearing  sands,  referring  well-mouths  to  tide-water  by  rail- 
road levels,  calculating  dips  and  locating  anticlinals  and 
synclinals.  Principles  are  sound  and  methods  are  scien- 
tific, but  it  should  not  be  forgotten  that  they  are  due  to  the 
instruction  and  practice  of  the  State  Survey.  But  this  is 
precisely  what  the  public  at  large  does  not  appreciate,  and 
which  it  is  part  of  my  official  duty  to  accentuate,  ungra- 
cious as  it  may  perhaps  appear  to  some.  Those  who  have 
reaped  most  advantage  from  the  State  Survey  will  not 
think  it  so. 

I  suspect  that  people  at  large  do  not  properly  appre- 
ciate the  distinction  between  j^ro/essional  and  pro/€SSo7ial 
geologists.  They  confound  ''field- workers"  with  ''closet- 
geologists;"  "practical  geologists"  with  "geological  school- 
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teachers.",  But  the  two  dasses  differ  as  widely  as  parish 
clergy  differ  from  monastic  orders ;  for.  while  the  one  class 
consort  together  and  cultivate  their  minds  on  the  science 
which  they  find  in  books,  the  other  class  live  separately 
from  one  another,  at  large  among  their  fellow-citizens, 
consulting  with  'every  class  of  the  community,  receiving 
and  giving  mutual  information,  investigating  facts  at  first 
hand,  looking  at  things  with  their  own  eyes,  and  yet 
with  whatever  advantages  book-learning  can  afford  for 
widening  the  vision  and  steadying  the  judgment.  So,  in 
the  course  of  years,  a  thorough-bred  field-working  geolo- 
gist gets^to  be  as  wise  in  the  things  of  the  mineral  kingdom 
as  a  Wesleyan  minister,  who  has  been  transferred  every 
two  years  to  a  new  parish,  in  the  knowledge  of  human 
nature. 

Knowledge  is  often  obliged  to  confess  its  ignorance  ;  and 
the  best  knowledge  does  this  most  readilv,  when  the  occa- 
sion  arises.  Ignorance  does  not  willingly  confess  ignorance, 
usually,  because  it  does  not  know  enough  to  recognize  its 
ignorance.  Thus  it  happens  that  ignorance  often  looks 
wiser  than  knowledge ;  and  the  geologist  who  answers  a 
point  blank  question  with  "I  do  not  know,"  is  accounted 
ignorant  of  his  business ;  yet,  he  alone  knows  where  the 
limits  of  knowledge  lie,  and  he  alone  can  gauge  the  ignor- 
ance which  pretends  to  be  knowledge.  To  say  "  I  do  not 
know  "  requires  courage,  but  this  couiage,  like  the  soldier  s, 
is  acquired  in  the  field. 

Every  science,  like  every  art,  has  a  lawful  warrant  to  pro- 
tect itself  against  the  aspersion  of  uselessness,  and  to  justify 
its  proper  calling.  It  is  idle  to  deny  that  it  is  in  its  own 
special  field  the  illuminator  of  the  material  world.  It  is 
divinely  appointed  to 

"Ten  men  what  they  knew  before ; 
Paint  the  prospect  from  their  door ; " 

that  is,  to  give  men  a  new  and  more  truthful  vision  and  the 
reial  meaning  of  things  with  which  they  have  been  long 
familiar  without  properly  comprehending  them.  The  geo- 
logist's  question,  "  Have  you  not  seen  so  and  so  ? "  is  usually 
answered  by  *' Yes,  but  I  did  not  suppose  it  to  be  of  any 
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importance."  When  men  buy  spectxicles  from  science,  they 
find  out  that  thev  have  been  more  or  less  neai^siafhted. 
Familiarity  breeds  a  contempt  for  many  facts.  But  the 
geologist  is  trained  by  his  whole  life  not  to  neglect  or  think 
the  smallest  item  of  fact  unimportant  in  the  pursuit  of  his 
investigations.  On  the  other  hand,  tlie  prospector,  the 
well  sinker,  and  the  business  man  are  seldom  thus  trained. 
They  get  the  habit  of  thinking  many  things  of  little  or  no 
importance.  In  fact,  it  is  not  to  be  expected  of  those  whose 
chief  business  is  not  investigation,  but  action,  that  they 
should  be  able  to  distinguish  what  fact  is  important  and 
what  is  unimportant  in  an  investigation.  Lawyers  tell  us 
from  their  experience  of  cases  that  the  issue  of  a  case  usually 
depends  upon  some  item  of  its  history  which  nobody  but  a 
lawyer  would  think  it  worth  while  to  mention  either  in  or 
out  of  court. 

There  are  thousands  of  such  examples  to  be  found  in  the 
past  history  of  geology.  Here  is  one.  Indians,  French  sol- 
diers, early  white  settlers,  raftsmen,  bargemen,  steamboat 
hands,  in  fact  every  traveler  up  and  down  the  Allegheny 
river  valley,  had  noticed  that  tiie  rocks  along  the  cliffs  of 
the  river  generally  sloped  down  stream ;  thought  it  quite 
natural  and  proper  tuat  they  should  do  so,  but  thought  no 
more  about  it.  It  was  a  fact  without  any  significance  to 
them.  Yet,  in  1837  and  1838,  the  geologists  of  the  First 
Survey  saw  at  once  in  this  slope  the  key  to  the  whole  geol- 
ogy of  the  underground  of  Western  Pennsylvania.  Years 
went  by,  and  no  one  read  the  reports  of  those  geologists. 
People  continued  to  travel  up  and  down  [the  Allegheny 
river  as  before,  just  as  indifferent  to  the  slope  of  the  rocks, 
and  just  as  ignorant  of  the  underground  geology  which  it 
expressed  as  ever.  For,  when  in  the  spring  of  1865  I  used 
this  slope  of  the  rocks  to  calculate  the  place  of  the  three 
Venango  oil  sands  at  Brady's  Bend,  fixing  their  depths  at 
700,  900,  and  1,100  feet,  and  when  on  the  basis  of  that  cal- 
culation Brady's  Bend  well.  No.  1,  was  drilled  and  struck 
oil  and  gas,  at  940  feet,  and  at  1,089  feet,  producing  at  first 
fifty  barrels  a  day,  everybody  was  as  much  amazed  as  if 
there  had  never  been  published  a  geological  description  of 
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Western  Pennsylvania.  They  landed  the  accuracy  of  the 
prediction  as  a  marvel  of  geological  genius,  altliough  it  was 
nothing  but  the  ordinary  work  of  an  assistant  geologist  of 
the  Fii-st  Survey  applying  to  a  special  local  investigation 
principles  which  had  been  fixed  by  that  Survey,  merely 
taking  care  to  leave  nothing  unobserved,  and  thinking  out 
this  special  problem  without  any  individual  bias  of  theory 
to  distract  his  attention  from  the  facts  of  the  case. 

No  one  then  heard  it  said  that  geologists  were  always 
behind  the  time,  and  merel}''  recorded  the  discoveries  of 
others.  In  the  light  of  such  a  case  such  a  remark  would 
have  been  scouted  as  absurd;  and  it  is  just  as  absurd  in 
1885  as  in  1865. 

I  am  safe  in  saying  that  the  work  of  the  Second  Greo- 
logical  Survey,  begun  in  1874,  has  always  been  in  advance 
of  the  knowledge,  possessed  by  the  citizens  of  Western 
Pennsylvania;  and  that  it  has  been  a  fountain  of  practical 
instructicm  in  the  geology  of  oil  and  gas;  and  that  entirely 
apart  from  its  publications  in  book  form.  It  has  not  only 
described  what  people  had  not  noticed,  and  explained  what 
people  did  not  understand,  but  it  has  predicted  what  would 
happen  in  the  history  of  the  oil  production,  and  its  predic- 
tions have  come  true;  which  proves  the  accuracy  of  its 
work  and  the  soundness  of  its  reasoning. 

As  it  is  of  some  importance  to  substantiate  this  assertion, 
I  take  the  opportunity  afforded  by  the  publication  of  Mr. 
Carll's  preliminary  report  in  the  Annual  of  1885,  to  give 
the  evidence,  in  the  shape  of  a  remarkable  article  published 
by  Mr.  Carll,  at  my  request,  in  the  leading  newspaper  of 
the  region,  the  Oil  City  Derrick^  its  issues  of  July  24  and 
25,  1876. 

The  article  is,  and  was  intended  to  be.  as  accuratelv  de- 
fined  and  complete  as  possible  a  summary  of  the  knowledge 
obtained  by  the  Geological  Survey  up  to  that  date,  and  was 
published  in  advance  of  the  regular  Reports  of  Progess,  to 
supply  an  urgent  demand  from  all  classes  of  people  inter- 
ested in  petroleum,  for  the  best  practical  information  re- 
specting its  geological  relationships.  What  the  effect  was 
in  giving  new  and  true  ideas  of  Oil  Geology,  those  who  took 
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advantage  of  it  can  best  tell.  After  ten  years  of  universal 
exploration  it  still  stands  as  the  truest  statement  that  can 
be  made.  Xo  essentially  new  truth  in  Oil  Geology  has 
l)een  discovered  to  add  to  it  ;  and  it  therefore  merits  an 
official  publication  now,  as  much  as  it  did  then.  But  what 
is  more  to  the  present  purpose,  it  contains  predictions  which 
have  come  true ;  such  predictions  as  the  most  expert 
prospectoi*s,  drillers  and  oil  men  of  the  region  could  not 
make ;  predictions  which  depended  upon  the  closest  and 
widest  study  of  all  parts  of  the  Oil  Regions,  such  as  the 
geologists  of  a  State  Survey  alone  have  the  opportunity 
of  pursuing. 

With  this  introduction,  I  place  it  on  public  record  for  the 
benefit  of  all  concerned,  and  as  one  instance  of  many  in 
testimony  to  the  character  of  the  past  work  of  the  Survey  in 
Western  Pennsylvania. — J.  P.  L.] 


[Extract  Oil  City  Derrick,  July  24  and  25, 1876.] 

The  Second  Geological  Survey  of  Pennsylvania  has  now 
been  in  progress  nearly''  two  years.  In  the  Venango  dis- 
trict, (the  district  of  the  oil  regions)  some  advance  has 
already  been  made  towards  clearing  awav  the  clouds  of 
false  impressions  and  confused  theories  which  have  so  long 
obscured  our  knowledge  of  the  structural  geology  of  the 
oil  measures  ;  but  much,  very  much,  remains  to  be  accom- 
plished before  the  final  results,  now  dimly  foreshadowed, 
i^an  be  so  clearly  demonstrated  as  to  become  of  practical 
use  to  the  oil-producer  or  be  accei>ted  as  facts  by  the  scien- 
tific world. 

With  a  view,  therefore,  of  attracting  the  attention  of  the 
oil-producer  to  our  work,  and  of  soliciting  his  hearty  co- 
operation in  its  advancement,  (for,  without  his  aid,  but  little 
progress  can  be  made,)  the  director  of  the  Survey,  Prof. 
Lesley,  has  advised  the  preparation  of  a  short  article  for 
general  circulation,  giving  the  broad  outlines  of  the  situa- 
tion in  this  district  from  the  present  outlook.  It  is  hoped 
thereby  that  many  will  be  reached  who  might  never  take 
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the  trouble  to  read  our  annual  reports,  and  that  an  interest 
may  be  awakened  which  will  result  in  much  valuable  infor- 
mation to  the  Survey  and  to  the  world. 

Within  the  prescribed  limits  of  this  paper  it  cannot  be 
expected  that  the  details  and  jjroofs  of  every  position  as- 
sumed will  be  given.  Neither  will  it  be  presumed  that  at 
this  stage  of  the  work  every  idea  advanced  is  absolutely 
correct.  Material  modifications,  no  doubt,  will  be  found 
necessaiy  as  the  Survey  is  carried  forward  and  new  facts 
are  brought  to  light.  I  shall  simply  aim  to  present  a  gen- 
ial view  of  the  subject  as  it  now  appears^  with  no  inten- 
tion of  clinging  to  any  theory  of  my  own,  and  with  only  a 
sincere  desire  of  enlisting  the  thoughtful  attention  of  those 
engaged  in  the  oil  business,  in  order  that,  by  their  aid,  cor- 
rect results  may  be  arrived  at  and  the  common  welfare  of 
all  interested  advanced. 

General  propositions. 

Some  of  the  conclusions  already  foreshadowed  by  the  ac- 
cumulating data  of  the  Survey  maybe  broadly  stated — not 
dogmatically — but  briefly,  as  follows  : 

First — A  paying  oil-well  in  this  section  of  the  State  is 
only  obtained  where  a  good  sand-rock  is  found.* 

Second. — These  oil-producing  sands  form  a  group  of 
themselves,  with  well-defined  beds  of  slates  and  shales,  at 
least  one  hundred  feet  in  thickness,  both  above  and  below 
it ;  and,  whether  composed  of  three  members,  as  on  Oil 
creek,  where  they  were  named  First,  Second,  and  Third 
Sands,  or  split  into  five  or  six  members,  asthey  usually  are 
to  the  south-east  and  east  of  the  central  line  of  the  group,* 
they  all  lie,  as  a  general  rule,  within  a  vertical  range  of 
three  hundred  and  fifty  feet. 

Third. — This  group  or  belt  of  oil  sands  has  been  traced 
from  Tidioute,  in  Warren  county,  to  St.  Joe,  in  Butler 
county — say,  sixty  miles.  About  15,000  oil-wells  have  been 
drilled  upon  it,  and  the  indications  are  that  its  north-west 
and  south-east  limits  have  been  pratty  well  defined.    What 

*It  wlU  be  borne  ia  mind  that  nothing  in  the  first  part  of  this  paper  has 
any  reference  to  the  oil  measures  of  Bradford  and  Warren.  They  are  spolcen 
of  separately  in  the  concluding  pages. 
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becomes  of  it  to  the  east  or  north-east  of  Titlioute.  and  how 
far  it  may  contiuue  south  of  St.  Joe,  remains  to  be  ascer- 
tained, nothing  but  '*  dry-holes"  or  small  wells  having 
thus  f;ir  rewarded  those  who  have  attempted  to  tnice  the 
prolongation  of  the  belt  at  either  end. 

The  whole  group,  as  thus  defined,  will  not  average  over 
ten  miles  in  width,  and  probably  not  over  one  tenth  of 
the  area  of  these  600  square  miles  of  oil  sands  is  underlaid 
by  that  peculiar,  pebbly,  porous  sandstone,  which  alone 
produces  the  oil  in  paying  quantities. 

Fourth, — On  the  central,  or  ''green  oW  line  of  develop- 
ment, the  well  records  show  great  uniformity  in  the  ar- 
rangement of  the  sand-rocks.  They  are  sharply  defined, 
massive,  and  lie  at  regular  intervals.  Going  south-east 
from  this  line  they  gradually  split  into  several  members, 
tine  down  in  their  composition,  and  shade  away  into  shales, 
while  the  intervening  members  become  more  frequently 
and  heavily  interstratitied  with  red  rocks.  Going  to  the 
north-west,  the  Third  Sand  terminates  rather  abruptly,  the 
Second  Sand  overlaps  it  and  continues  a  mile  or  two 
farther ;  the  First  Sand  overlaps  the  Second  and  extends, 
in  some  places,  a  long  distance  beyond. 

The  majority  of  the  wells  producing  from  the  First  and 
Second  Sands  are  located  along  these  overlapping  edges  of 
the  sand-rocks. 

Fifth, — The  lowest  member  of  this  sand-rock  group — the 
Third  Sand  of  Oil  creek  or  green  oil  sand — has  been  errone- 
ously called  in  different  localities  the  Fourth,  Fifth,  and  even 
Sixth  Sand,  convejMng  the  impression  that  there  are  other 
oil  sands  below  the  Oil  Creek  Third,  which,  as  far  as  known, 
is  not  the  fact.  I  have  found  no  authentic  evidence  of  anv 
oil  sand  belonging  to  this  group  below  tiie  horizon  of  the 
base  of  the  Oil  Creek  Third. 

The  green  oil  sand  is  much  narrower  in  its  transverse  pro- 
ducing area  than  the  stray  or  black  oil  sand,  which  lies 
about  twenty-live  feet  above  it,  (but  which  may  be  consid- 
ered as  the  upper  member  of  the  Third,)  the  Second  cov- 
ers a  wider  area  than  the  strav  Third,  and  the  First  Sand  is 
wider  than  the  Second. 
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Sixth. — Wlierever  the  Third  or  lowest  sand  is  adapted  to 
the  production  of  oU,  the  main  deposit  is  found  in  it,  and 
not  in  the  sands  above.  The  First  and  Second  Sands, 
although  often  of  good  quality,  do  not  produce  oil  along 
the  center  of  the  belt.  In  some  wells,  it  is  true,  oil  has  been 
obtained  from  all  three  of  the  sands.  These  wells  are  not 
on  the  axis,  but  near  the  edge  of  the  Third  Sand,  and  but 
a  short  remove  further  from  the  center  no  Third  Sand  can 
be  found. 

Seventh. — Each  one  of  these  three  sand-rocks,  where  thev 
lie  in  clearly  defined  beds,  furnishes  an  oil  peculiar  to  it- 
self. The  First  Sand,  a  heavy  lubricating  oil  from  30°  to 
35°  gravity,  the  Second  Sand,  an  oil  of  about  40°  gravity, 
and  the  Third  the  usual  light  oil  of  from  45°  to  50°  gravity. 
But,  while  each  sand  has  its  own  characteristic  production, 
the  oil  varies  somewhat  in  color  and  gravity  in  different 
localities  in  the  same  horizon.  Thus,  the  Third  Sand  pro- 
duces a  green  oil  from  its  lower  member  and  ji  black  oil 
from  its  stray  or  upper  member,  where  the  rocks  lie  in  their 
normal  positions,  as  on  Oil  creek;  but,  where  the  sti-atifl- 
cation  varies — thus  changing  the  relations  of  the  several 
members  to  each  other  both  as^to  thickness  and  composi- 
tion—the oil  is  changed  in  color  accordingly.  At  Pleasant- 
ville,  where  the  lower  member  is  thicker  than  the  upper, 
but  tine  and  muddy — and  the  upper  or  stray  is  coarse  and 
gravelly  and  produces  the  oil — its  color  is  nearly  black.  At 
Pithole,  Cash-Up  and.Fagundus,  where  the  lower  member 
has  fined  down  to  a  thin  band  of  argillaceous  flags,  and  the 
upper  member  thickened  into  a  pebbly  sandstone,  the  oil 
is  of  a  lighter  color.  In  some  parts  of  Clarion  and  Butler, 
where  the  horizon  of  the  Third  Sand  is  represented  by 
three  or  four  beds  of  pebbly  sands — sometimes  producing 
oil  from  one  stratum  and  sometimes  from  another — the  col- 
ors shade  intermediately  between  the  green  and  black  oils 
of  the  upper  country.  These  shades  are  so  gradual  and 
slight  that  they  have  not  been  generally  noted,  but  a  criti- 
cal examination  of  a  number  of  wells  will  convince  any  one 
of  the  fact. 
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The  grovp  of  oil  sands. 

Tlie  first  general  proposition  above  will  not  be  disputed, 
I  tliink,  by  any  experienced  oil  producer. 

The  second,  no  doubt,  is  a  "new  idea"  and  demands  ex- 
planation. I  regard  it  as  one  of  the  most  important  facts 
thus  far  brought  to  light  by  the  Survey.  It  was  first 
mentioned  in  my  report  of  1874 — speaking  then  only  of  the 
rocks  of  Venango  county,  (at  that  time  no  others  had  been 
examined)  and  with  no  idea  that  the  group  would  run  with 
such  remarkable  uniformity  through  the  wliole  Oil  Region, 
as  we  can  now  plainly  see  that  it  does. 

To  clearly  demonstrate  this,  however,  would  require  a 
number  of  wood-cuts  and  a  careful  com[)arison  of  many 
oil  well  records  on  the  central  line  of  development,  with 
frequent  transverse  sections  along  the  belt.  This  belongs 
to  our  regular  reports,  nnd  cannot  be  attempted  here. 
More  data  are  needed  in  the  shape  of  good  well  records, 
before  it  can  be  systematically  and  satisfactorily  laid  before 
the  public.  As  these  records  can  only  be  obtained  through 
the  kindness  of  those  who  are  engaged  in  sinking  oil  wells, 
we  earnestly  solicit  their  aid  in  this  important  part  of  our 
work. 

Confused  nomenclature. 

Very  great  confusion  has  arisen  from  the  want  of  a 
uniform  system  for  numbering  or  naming  the  oil  jsands. 
Every  district  has  its  own  nomenclature,  and  owing  to  the 
large  number  of  local  names  in  use,  and  the  variable 
stratification  of  the  sand  rocks — when  viewed  indiscri- 
minately, without  regard  to  their  true  lines  of  deposition 
and  agreement — the  most  experienced  driller  is  at  a  loss 
when  attempting  to  assign  the  rocks  of  one  place  their 
correct  relative  positions  in  another. 

The  Third-sand  at  Triumph,  near  Tidioute,  the  thickest 
yet  found  in  the  country,  is  called  in  Pleasantville,  the 
Fourth  and  Fifth  sand;  at  '^Red-hot,"  the  Fourth,  Fifth 
and  Sixth  ;  on  Oil  Creek,  stray  and  Third  ;  at  Fosters, 
gray-rock  and  Third;  at  Scrubgrass,  granite-rock  and  Third ; 
in  the  Clarion  county  district,  bowlder,  stray,  Third  and 


CarllJ]  OIL  AND  GAS.      CHAPTER  V.  65 

Fourth,  and  in  BuMer,  blue-Monday,  bowlder,  stray  Third, 
Third,  stray  Fourth  and  Fourth.  On  studying  the  group  of 
sand-rocks,  as  a  whole,  it  plainly  appears  that  these  names 
are  all  applied  to  diiferent  parts  of  what  is  really  but  one 
sand — the  Oil  Creek  Third.  At  Triumph  it  lies  in  one  mas- 
sive stratum,  125  feet  thick ;  in  the  other  places  it  is  laid 
down  in  a  series  of  bands  with  partings  of  slate,  shale  and 
red-rocks  between. 

The  attempt  to  name  these  smaller  beds  and  to  trace 
them  from  one  district  to  another,  without  an  appreciation 
of  their  variableness  and  liability  to  run  together  or  sepa- 
rate— to  thicken  into  heavier  sands  or  line  down  into  shales, 
according  to  the  direction  they  were  being  traced — has 
proved  very  disastrous  to  a  clear  understanding  of  the 
geology  of  the  oil  measures.  Locally,  perhaps,  some  of 
these  names  may  be  of  service,  if  recognized  merely  as  sub- 
divisions of  the  Third  sand,  but  unfortunately  they  cannot 
be  confined  within  their  proper  limits.  Oil  well  drillers 
are  a  migratory  class.  When  one  field  is  explored  tliey 
move  on  to  another,  carrying  with  them  their  thorough 
knowledge  of  the  district  just  left  and  looking  at  the  new 
field  through  their  experiences  in  the  old.  Thus  different 
names  travel  from  place  to  place,  and  are  often  applied, 
(where  some  new  bed  of  sand  intervenes  or  some  old  one  is 
wanting)  to  quite  different  horizons  from  those  for  which 
they  were  originally  invented.  Sometimes  they  are  placed 
too  high,  sometimes  too  low  ;  and  not  unfrequently  two 
bands  are  transposed — blue-Monday,  for  instance,  coming 
in  in  one  place  above  the  Bowlder,  and  in  another  place 
below  it — in  one  well  representing  a  rock  two  feet  thick, 
and  in  another  fifty  feet. 

I  do  not  mention  these  things  disparagingly  to  the  driller, 
(for  it  is  not  within  the  range  of  human  possibilities  to 
trace  these  divisions  separately  over  the  whole  country) 
but  for  the  purpose  of  showing  the  extreme  variableness  of 
the  oil  sands  and  the  liability  to  mistakes  when  attempt- 
ing to  transfer  the  local  names  of  one  place  to  another. 
From  the  very  nature  of  the  case,  we  could  not  expect 
these  sandrocks — laid  down  as  they  were  by  water  cur- 
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rents,  and  subject  to  all  the  vicissitudes  of  tides  and  storms 
and  winds — and  no  doubt,  too,  to  changing  levels  of  land 
and  water,  to  be  spread  uniformly  and  uninterruptedly 
over  so  large  an  area  as  they  are  known  to  occupy. 

The  difficulty  here  complained  of  in  relation  to  the  Third- 
sand  will  apply  with  equal  force  to  the  Second  and  First- 
sands  also.  Their  true  classification  has  been  obscured  in 
the  same  manner.  Other  rocks,  duplicating  the  originals, 
have  been  found  and  named — little  attention  has  been 
paid  to  the  measurement  of  the  wells  at  this  horizon,  and 
all  is  uncertainty  and  confusion.  This  is  especially  the 
case  in  the  Clarion  and  Butler  districts.  The  First-sand  of 
Clarion  (which  fortunately  coincides  with  the  First-sand  of 
Oil  creek,)  is  almost  universally  called  the  Second-sand  in 
Butler.  The  so-called  First-sand  of  Butler  is  the  equivalent 
of  the  Third  Mountain  sand  of  the  upper  district,  which  is 
probably  the  Berea  grit  of  Ohio.  It  has  no  connection 
whatever  with  the  oil  sands  of  this  district — being  generally 
separated  from  the  group  by  several  hundred  feet  of  slates 
or  shales — and  no  claims  to  a  name  among  them,  although 
it  is  the  oil-producing  rock  in  Ohio,  and  in  lower  Butler 
often  furnishes  a  large  flow  of  gas. 

In  the  valley  of  Oil  creek,  three  sand  rocks  were  dis- 
covered by  the  first  oil  well  drillel-s  and  very  properly 
named  the  First,  Second  and  Third-sands.  These  names 
have  gone  abroad  and  been  accepted  by  the  world ;  and 
there  is  no  reason  why  they  should  now  be  changed. 
They  apply  appropriately  to  the  three  distinctive  rocks  of 
our  great  sand  belt,  embracing,  as  far  as  known  at  present, 
all  the  oil  producing  strata  of  tiiis  particular  district.  The 
group  is  separated  from  the  next  massive  sandstone  above, 
(the  Third  Mountain  sand  or  Berea  grit)  by  from  one  to 
two  hundred  feet  of  slates,  shales  and  red  rocks — these 
varying  according  to  location,  and  no  oil  producing  sand 
has  been  found  in  any  of  our  deep  wells — a  number  of 
which  have  been  drilled  1,00()  feet  beneath  it.  Why 
should  we  attempt  then  to  add  to  it  either  from  above  or 
below,  and  thus  becloud  our  own  ideas  and  mislead  others 
who  infer  from  our  method  of  numbering  that  we  are  efts- 
covering  new  oil  rocks  in  addition  to  those  first  named  ? 
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The  way  to  avoid  this  labj'rinth  of  confusion  in  the 
future  is  to  study  the  oil  sands  as  a  groups  and  while  no- 
ting closely  the  local  divisions  of  its  three  great  members, 
never  to  lose  sight  of  the  fact  that  whatever  may  be  the 
number  of  these  minor  divisions,  they  have  always  thus 
far  been  found  to  lie  in  the  horizon  included  between  the 
plane  of  the  top  of  the  First-sand  of  Oil  creek  and  rhe 
plane  of  the  bottom  of  the  Third-sand,  the  two  planes  being 
separated  vertically  by  a  distance  of  about  three  hundred 
and  fifty  feet. 

Accurate  measurements  should  always  be  made  when  the 
First-oil-sand  is  struck,  and  the  driller  should  be  verv 
careful  in  new  territory  to  see  that  the  proper  rock  is  thus 
designated.  It  is  the  key  to  the  whole  record.  The  true 
First-sand  is  easily  recognized  by  being  overlaid,  as  before 
stated,  by  from  one  to  two  hundred  feet  of  slates  and  shales, 
sometimes  in  part  red.  This  shaly  band  is  generally  the 
best  drilling  in  the  well,  and  it  is  a  marked  and  persistent 
feature  in  all  parts  of  the  district.  From  this  point  (the 
top  of  the  First-sand)  to  the  bottom  of  the  well,  every 
change  in  the  rocks  should  be  noted.  But  it  would  be 
better  still  to  keep  a  close  record  of  the  whole  well. 

Had  the  records  been  thus  kept  when  the  first  wells  were 
put  down  at  Petrolia,  the  so-called  Second-sand  would 
have  received  its  proper  designation — the  Firsts  as  it  really 
is — and  the  depth  drilled  below  it  would  have  shown  at 
once  that  the  so-called  Third-sand  was  not  the  lowest  mem- 
ber of  the  group,  and  that  another  sand  might  reasonably 
be  expected  to  lie  beneath.  The  so-called  Third  is  only 
about  250  feet,  and  the  so-called  Fourth  less  than  350  feet 
below  the  true  First-sand.  Of  course,  it  could  not  have 
been  known  that  the  lower  sand  would  produce  oil,  with- 
out drilling  down  to  it,  but  with  the  method  of  classifying 
the  oil  rocks  here  proposed,  and  the  habit  of  viewing  them 
as  one  group,  there  would  have  been  no  surprise  at  finding 
oil  in  the  lower  member  and  no  necessity  of  naming  a 
Fourth  Sand. 

The  Oil- sand  belt 

My  third  conclusion  is  broad  and  general,  as  it  must 
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necessarily  be  at  this  stage  of  our  work.  But  broad  as  it 
is,  it  shows  the  oil-bearing  rocks  to  be  of  very  limited  ex- 
tent, even  when  given  the  utmost  latitude  which  our  pres- 
ent knowledge  of  them  would  warrant. 

I  ask  those  who  have  followed  the  development  from  Tid- 
ioute  to  Butler,  to  candidly  review  their  experience,  and 
see  whether  they  would  give  these  rocks  a  wider  ninge 
than  I  have  done.  Would  any  of  them  go  five  miles  to  the 
north-west  or  west  of  the  central  line,  or  line  of  the  best 
production,  with  the  expectation  of  finding  oil  in  the  Third- 
sand?  Going  in  that  direction,  do  not  the  Second-sand 
wells  (wherever  the  Second-sand  contains  oil)  come  in 
quickly  after  leaving  the  green  oil  line — then  the  First- 
sand  wells,  and  then  the  hundreds  of  ''dry  holes,"  scat- 
tered all  through  this  country  to  Lake  Erie  and  Ohio? 
Have  there  not  been  enough  wells  drilled  in  this  section,  as 
far  down  as  Scrubgrass  at  least,  to  prove  that  this  partic- 
ular sand  rock  group  does  not  extend  far  to  the  northwest 
of  the  central  developments?  And  may  it  not  be  expected 
that  the  same  conditions  will  continue  still  farther  south, 
although  this  end  of  the  belt  has  not  been  so  thoroughly 
tested  ?  Going  to  the  south-east  from  the  center,  would  not 
five  miles  be  a  liberal  allowance  for  the  average  width  of 
the  producing  territory  in  that  direction,  and  have  there 
not  been  hundreds  of  "dry  holes''  put  down  here  also, 
where  only  thin  beds  of  flaggy  sandstones  represent  the  oil 
rocks  and  heavy  masses  of  red  shale  appear? 

What  is  the  inference  then?  Plainly,  that  the  area  of 
our  oil-sand  group,  as  now  known,  and,  we  may  say,  xiroxied^ 
is  confined  within  very  narrow  limits  transversely. 

It  may  be  asked :  "Are  there  not  other  parallel  ranges 
of  oil-sands  belonging  to  the  same  measures? '' 

The  rocks  of  the  whole  countrv  rise  towards  the  lake,  and 
if  the  oil  group  continued  in  that  direction,  or  another  par- 
allel belt  came  in,  they  would  outcrop  along  the  basset 
edges  of  the  lake  shore  terrace.  But  nothing  of  the  kind 
can  there  be  found ;  neither  have  the  numerous  oil  wells 
drilled  in  all  this  northwestern  area  given  any  indications 
of  their  presence.     To  the  south-east,  the  farther  develop- 
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ments  have  been  carried,  the  finer  and  more  shaly  the 
measures  became  —  indicating,  apparently,  a  deposit  in 
deeper  or  more  quiet  water  at  a  considerable  distance  from 
those  current  or  shore  influences  which  seem  to  have  been 
the  controlling  agents  in  the  formation  of  this  sand  deposit. 
It  can  hardly  be  supposed,  therefore,  tlmt  another  belt  lies 
in  this  direction,  unless  at  a  considerable  distance,  and  I 
see  nothing  at  present  in  any  of  the  data  collected  to  war- 
rant the  expectation  of  discovering  large  and  continuous 
deposits  of  oil  at  this  horizon,  either  to  the  right  or  left  of 
the  belt  as  here  defined. 

Within  the  limits  of  the  sand-belt  itself,  no  doubt,  many 
other  pockets  of  gravel  and  pools  of  oil  of  limited  extent 
will  be  found.  The  strict  adherence  to  the  popular  ''line 
theory"  confined  the  first  drillings  to  a  very  narrow  strip 
of  land  ninning  longitudinally  along  the  sand  group  and 
probably  near  its  axis.  But  even  now  good  wells  are  re- 
warding the  seeker  on  either  side  of  the  original  line  in 
what  was  considered  "dry  territory"  during  the  first  ex- 
citement. When  these  marginal  pools  are  more  fully  de- 
veloped, the  wells  will  be  scattered  over  a  wider  aiea,  and 
the  similarity  between  the  Butler,  Clarion,  and  Venango 
districts  made  more  apparent. 

If  we  knew  precisely  by  what  agencies  these  sand  rocks 
were  deposited — whence  the  materials  composing  them  were 
derived— the  direction  of  the  transpoi-ting  currents,  and 
how  these  currents  were  locally  or  periodically  affected  by 
tides  and  storms,  and  oscillations  of  land  and  sea — result- 
ing in  altered  topography  of  shore-lines  or  sea- bottom,  and 
a  consequent  change  of  currents  and  sand-deposits — we 
might  be  able  to  trace  and  outline  the  oil-group  with  some 
confidence  and  accuracy.  But  we  do  not  yet  know  how 
they  were  laid  down — whether  by  a  deep  sea  cuirent  like 
the  gulf  stream  or  as  sand-beaches  along  a  low  coast  line  of 
recently  emerged  Chemung. 

T?ie  saiidy  epoch. 

Whatever  may  have  been  the  method  of  their  deposition, 
however,  this  fact  appears  quite  evident — they  mark  the 
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covimencement  of  a  sandy  epoch  in  the  history  of  the  geo- 
logical formations  of  this  particular  part  of  the  State.  The 
measures  below  them  have  been  pierced  by  the  drill  in  a 
number  of  places  to  the  depth  of  a  thousand  feet  or  more, 
and,  in  one  instance,  to  the  depth  of  three  thousand  feet 
without  finding  any  coarse,  massive  sands,  like  the  Oil-.^ 
group.  But  from  the  base  of  the  Third-sand,  (which  is  in 
some  places  a  true  conglomerate  of  large  quartz  pebbles  and 
sand,)  all  up  to  and  through  the  coal  measures,  the  whole 
sedimentary  mass  is  thickly  interstratified  with  parallel 
layers  of  conglomeratic  sandstone.  The  remarkable  simi- 
larity in  the  composition  and  stratification  of  the  oil-group 
to  the  Mountain  sands  and  Coal  measure  sands,  and  its 
striking  dissimilarity  to  the  measures  below  suggest  a  sub- 
ject of  very  interesting  inquiry  as  to  the  relations  of  these 
several  groups  to  each  other. 

Variable  deposits — Belt  lines  and  surface  indications. 

I  have  spoken  of  the  oil-rocks  as  one  continuous  group 
from  Tidionte  to  St.  Joe.  Some  mav  not  be  willing  to  con- 
cede  this,  on  account  of  the  apparent  ''break"  in  the  belt 
between  Scrubgrass  and  Emlenton.  But  it  should  be  re- 
membered that  I  am  speaking  of  them  in'  the  broadest 
sense — ^as  a  deposit  of  a  certain  period,  over  a  large  area — 
without  reference  to  local  peculiarities  of  deposition  or 
comi)osition.  A  band  of  ''shells,"  which  the  driller  would 
hardly  notice,  may  as  truly  represent  the  horizon  of  a  sand- 
rock  as  the  best  deposit  of  pebbly  oil -sand  does.  Given 
sand,  pebbles,  and  mud  to  be  worked  and  transported  by 
water,  and  nothing  should  be  expected  but  a  variable  de- 
posit, dependent  entirely  upon  the  local  conditions  control- 
ing  the  direction  and  force  of  the  currents. 

If  we  view  these  deposits  as  the  products  of  deep  sea  cur- 
rents, we  might  anticipate  finding  the  sediments  more  evenly 
spread  and  more  continuously  laid  down  than  they  would 
have  been  along  a  coast  line.  Disturbing  causes  would  not 
be  felt  so  appreciably  in  a  deej)  sea  as  along  a  shore ;  but 
in  either  case,  comparatively  slight  perturbations  might 
produce  sufficient  change  in  the  direction  and  power  of 
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the  currents  to  materiallv  alter  and  modify  the  first  ar- 
mngement  of  any  deposits.  The  Third  Sand,  for  instance, 
might  have  been  laid  down  originally  in  an  almost  unbroken 
band  from  Tidioute  to  St.  Joe,  through  a  long  period  of  com- 
parative rest;  but  only  a  slight  subsequent  oscillation  of 
levels  would  be  required  to  alter  the  transporting  currents 
and  completely  re-arrange  the  deposits  along  those  portions 
of  the  line  most  affected  by  these  changes.  At  one  point 
the  sand  might  be  swept  away  and  carried  to  a  new  posi- 
tion, at  another  additional  sands  be  added  to  those  already 
laid  down. 

The  mere  mention  of  these  possible  changes — to  which  all 
the  sedimentary  rocks  were  liable — should  suggest  to  those 
who  depend  so  much  on  compass  lines  in  locating  their  oil 
wells,  the  uncertainty  of  this  reliance,  (when  not  coupled 
with  a  close  study  of  the  oil  rocks  themselves)  especially 
when  lines  are  run  far  in  advance  of  actual  developments. 
It  also  shows  the  fallacy  of  attempting  to  trace  the  oil  belt 
by  the  exposed  sand-rocks  or  conglomerates  on  the  surface. 
If  there  was  originalh'^  no  regularity  to  the  deposits  indi- 
vidually, and  no  fixed  law  requiring  them  to  be  laid  down  in 
fixed  uniformity  either  as  to  the  thickness  or  outlines  of 
the  beds,  or  the  position  of  the  gravel  streaks  in  those  beds 
— if  there  was  no  compass  and  plummet  used  in  piling  up 
these  sand-beds,  one  over  the  other,  how  can  it  be  expected 
by  the  compass  and  plummet  to  trace  them  from  the  sur- 
face rocks  downward  to  the  base? 

To  make  this  more  plain  let  us  go  back  in  imagination 

to  that  period  in  the  world's  history  when  the  oil  sands  were 

beinglaid  down.     Old  ocean,  ''  the  great  continent  builder," 

is  preparing  the  ample  storehouses  of  gravel  sands,  from 

which  we  now  draw  our  petroleum  supplies.     Age  after  age 

the  slow  processes  go  on.     Heat  and  cold,  waves,  winds, 

and  currents  are  employed — breaking  up  and  transporting 

the  materials — sifting,  assorting,  depositing — here  a  bed  of 

gravel,  there  a  bank  of  sand,  or  a  stratum  of  mud — layer 

on  layer — not  all  coarse  in  one  place,  and  all  fine  in  another 

— not  in  mathematical  lines  by  plummet   and  rule — but  * 

gravel  and  sand  and  shale,  in  irregularly  alternating  beds  | 
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througliout  the  whole  mass — ^jiist  as  we  see  the  same  agen- 
cies, carrying  on  similar  processes,  and  producing  like  re- 
sults to-day.  At  that  time  none  of  the  hundreds  of  feet  of 
strata  now  drilled  through  before  reaching  the  oil-sands 
had  been  deposited.  Nothing  but  the  water  and  air  of  the 
ancient  world  lay  above  these  accumulating  sand  bars.  The 
materials  from  which  the  oil  is  derived  must  have  been 
sealed  up  in  the  measures  below  ages  before  or  were  then 
being  deposited  with  the  sands  themselves,  for  we  can  imag- 
ine ^o  process  by  which  the  oil  could  be  evolved  from 
superior  strata  and  forced  dowmoard  into  reservoirs  below 
sea  level.  The  never-ceasing  work  goes  on  ;  slowly  the 
new  deposits  sink  deeper  and  deeper,  or  the  waters  rise 
higher  and  higher.  Other  deposits — the  Mountain  sands, 
the  Lower  productive  coal  measures,  the  Barren  coal  meas- 
ures, and  the  Pittsburgh  coals,  (in  all  3,000  feet  or  more  in 
thickness)  are  added.  We  now  see  our  oil-group  over  three 
thousand  feet  below  tide  with  all  these  superimposed  sedi- 
ments on  its  back.  What  ages  must  have  elapsed  since  the 
work  on  the  oil-sands  ceased!  Where  now  are  the  land- 
marks by  which  to  trace  the  outlines  of  this  long  and  deeply 
buried  group  ?  Every  change  of  the  relative  levels  of  land 
and  sea  during  this  immense  j)eri()d  could  have  only  re- 
sulted in  new  shore  lines,  new  currents,  new  sources  of 
supply  and  qualities  of  materials  to  be  acted  upon,  and  con- 
sequently, in  great  variability  of  the  sediments  laid  down. 
Would  it  be  reasonable  now  to  infer  that  a  conglomerate 
seen  in  the  upper  stratum  denoted  that  a  pebble  rock  would 
be  found  in  the  oil  sands  three  thousand  feet  beneath?  Could 
there  possibly  be  anything  discovered  on  the  surface  to 
prove  what  there  was  below?  And  if  we  had  ten  miles 
square  of  any  part  of  these  deeply  buried  oil-sands  accur- 
atelv  marked  out  on  the  surface  above  them,  could  we  set 
a  compass  on  that  and  stake  out  the  boundaries  of  the 
balance? 

If,  then,  no  guides  to  the  oil-sands  can  be  seen  in  the  up- 
l)er  rocks  while  lying  in  this  position  how  much  less  should 
we  expect  to  find  them  on  the  surface  now  that  their  hori- 
zontality  has  been  destroyed  !    The  forces  that  piled  up  the 
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huge  folds  of  the  Alleghenj^  mountains,  elevated  and  warped 
the  oil  sands  with  their  superincumbent  strata  also.  But 
as  their  general  parallelism  has  not  been  affected,  they  still 
occupy  their  original  relative  positions,  whether  arching 
over  the  low  anticlinals  or  dipping  into  the  synclinals  be- 
tween. At  Tidioute  the  whole  mass  must  have  come  up  at 
leiist  4,000  feet,  for  the  oil  group  is  now  found  there  1,000 
feet  above  tide.  Glaciers,  floods,  storms,  frosts  and  heat, 
age  after  age,  have  been  carrying  on  their  work  of  erosion, 
during  the  uplift  or  since,  cutting  off  and  sweeping  away  a 
good  portion  of  the  upper  rocks,  until  now  in  some  places 
the  lower  member  of  the  oil  sands  are  exposed  to  the  sun. 
Along  the  irregular  outcrops  of  these  uplifted  strata,  one 
may  travel  from  Tidioute  to  Butler,  as  it  were,  on  a  line 
di-awn  diagonally  across  the  perpendicular  face  of  the  orig- 
inal deposits — starting  at  Tidioute,  at  the  Second-oil  sand, 
and  running  up  in  Butler  to  the  middle  of  the  Lower  pro- 
ductive coal  measures.  This  line  cuts  all  the  sand  deposits 
of  the  intervening  formations,  at  least  five  or  six  in  number. 
Each  one  of  them  is  locally  conglomeratic.  We  find  them 
irregularly  exposed,  according  to  the  elevation  of  the  sur- 
face or  the  amount  of  erosion  they  have  locally  suffered 
— sometimes  showing  the  pebbly  portions,  but  more  fre- 
quently the  sandy.  They  are  so  much  alike,  lithologically, 
that  one  band  may  be  easily  mistaken  for  another,  as  is 
no  doubt  frequently  the  case  when  they  are  traced  from 
hill  to  hill  by  the  eye.  It  will  be  seen,  then,  that  even 
if  the  oil-sands  of  the  measures  below  had  been  photo- 
graphed, so  to  speak,  or  reproduced  in  unmistakable  out- 
lines on  any  one  of  these  upper  sand-sheets,  so  that  a  certain 
kind  of  pebble  or  sand-rock  in  the  upper  stratum  should 
point  unerringly  to  the  oil  deposits  below,  that  it  would 
be  as  difficult  to  trace  the  oil  belt  by  the  eye  in  these  upper 
rocks  thus  so  deceptively  exposed,  as  by  the  drill  in  the 
lower  rocks  themselvi's. 

Anticlinals, 

It  follows,  also,  from  the  above  presentation  of  the  case, 
that  the  anticlinals  and  synclinals  now  seen  on  the  surface 
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should  not  be  taken  as  guides  in  searching  for  the  oil-sands. 
These  undnlations  were  produced  by  movements  in  the 
earth-crust  long  after  the  oil-sands  were  deposited — as  is 
shown  by  the  fnct  that  the  coal  measures  are  equally  aflFected 
by  the  same  waves— consequently  they  could  have  had  no 
agency  whatever  in  controlling  and  directing  the  currents 
which  had  already  laid  down  the  oil-sands  thousands  of 
years  before.  In  so  far  as  these  anticlinals  and  synclinals 
affect  the  productiveness  of  the  oil-sands,  by  affording  an 
opportunity  for  gas  to  collect  at  the  crowns  of  the  arches 
and  salt  water  to  settle  in  the  depressions  between  them, 
just  so  far  ought  they  to  have  an  influence  in  the  selection 
of  a  location  for  an  oil  well,  and  no  farther. 

Theories  for  locating  oil  wells. 

Every  oil-producer  must  have  a  theory  on  which  he  acts 
and  a  method  which  he  employs  in  locating  his  wells,  and 
it  is  of  vital  importance  to  his  continued  success  that  his 
theory  should  have  some  foundation  in  fact.  All  the  meth- 
ods lieretofore  employed  in  the  location  of  oil-wells — clair- 
voyance, dreams,  witch-hazel,  Indian  charms,  magnetism, 
surface  indications,  compass  lines,  &c. — have  been  measur- 
ably successful,  so  long  as  they  clianced  to  be  confined  to 
the  area  underlaid  by  the  oil-group  ;  but  everj"  one  of  them 
has  failed  the  moment  it  ran  .outside  of  these  limits,  and 
the  fact  that  they  all  have  at  one  time  or  another  led  their 
followers  outside  and  info  unproductive  territory  proves 
that  not  one  of  them  is  based  on  correct  principles  and  to 
be  implicitly  relied  upon.  The  belt  line  theory  has  stood 
the  test  longer  and  been  more  successful  than  any  other,  be- 
cause it  has  some  of  the  elements  of  the  true  theory  in 
it.  It  is  an  attempt,  by  mean  of  compass  lines,  to  keep 
on  the  axis  of  the  sand  deposit,  as  shown  by  previous  de- 
velopment ;  but,  unfortunately  for  those  who  relj'^  so  much 
upon  it.  the  oil  sand  is  not  laid  down  in  straight  and  con- 
tinuous lines  through  the  whole  country.     It  is  liable  to 

"breaks"  and  curves,  and  thev  often  come  in  where  least 
expected.  To  meet  these  uncertain  features  belt  lines  have 
been  required  in  different  places,  varying  all  the  way  from 
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east  and  west  to  north  and  south.  If  there  was  anvtliinor  in 
the  belt  line  theory  to  indicate  in  advance  of  the  drill  when 
and  where  the  magnetic  bearing  should  be  changed,  it 
would  be  entitled  to  great  consideration,  but  there  is  noth- 
ing of  the  kind ;  the  old  line  is  always  adhered  to  until 
"dry  holes  at  the  front"  make  a  change  in  its  direction 
imperative. 

Viewing  the  oil-gronp  in  its  true  character — as  a  mass  of 
variable  sands  and  gravels  deposited  by  one  of  the  most 
unstable  of  agents,  water— it  appears  quite  plain  that  no 
plan  of  locating  oil  wells  can  ever  be  adopted  which  will  be 
universally  successful.  But  I  claim  that  the  place  to  look 
for  the  guides  and  indices  that  will  aid  us  most  in  an  intel- 
ligent tracing  of  the  oil-bearing  sands  is  in  the  rocks  them- 
selves, and  not  in  the  "powers  of  il\e  air,"  nor  in  the  to- 
pography of  the  surface,  nor  in  the  structure  or  position  of 
the  superimposed  stiiita.  When  the  oil-group  is  studied 
more  closely,  and  less  attention  paid  to  these  other  mat- 
ters, which  can,  by  no  possibility,  have  any  certain  connec- 
tion with  it,  we  shall  get  clearer  views,  work  more  ^lnder- 
standingly,  and  probably  avoid  a  good  deal  of  unprofitable 
and  unnecessary  "  wild  catting." 

Recapitulation, 

If  the  premises  assumed  at  the  head  of  this  article  are  in 
the  main  correct — (1,)  that  a  sand-rock  must  be  found  to 
insure  a  paying  oil  well  ;  (2,)  that  all  our  oil -sands  lie  in  a 
group,  having  a  unifonn  thickness  throughout  the  district; 
(3,)  that  this  group  has  a  general  trend  in  a  north-east  and 
south-west  direction,  being  many  miles  in  length,  only  a 
few  miles  in  width,  and  with  but  a  small  part  of  this  pro- 
ductive of  oil  ;  (4,)  that  there  is  considerable  uniformity  in 
the  stratification  of  the  sand-sheets  along  the  main  axis  of 
production,  and  a  marked  change  as  we  go  to  the  right  or 
left  of  that  line  ;  (f),)  that  the  Third-sand  is  locally  divided 
into  a  number  of  members,  any  one  of  which  may  produce 
oil,  and  that  it  is  narrower  transversely  than  either  of  the 
others  ;  (6,)  that  our  main  supply  of  oil  is  drawn  from  the 
Third-sand — the   upper  rocks  seldom  producing,    except 
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where  the}'  overlap  it  along  its  edges  ;  (7,)  that  each  one  of 
the  three  sands  produces  an  oil  peculiar  to  itself,  both  as  to 
color  arid  gravity — then  we  have  here  several  important 
facts,  an  intelligent  consideration  of  which  may  materially 
aid  us  in  our  future  exploi-ations  for  oil. 

Practical  deductions. 

By  carefully  studying  the  stratification  of  the  group  of 
sands,  as  above  recommended,  and  noting  the  qualitj'  of 
the  oil  in  any  given  well,  we  ought  to  be  able  to  assign  it 
its  proper  position  on  the  belt.  If  near  its  axis,  we  should 
expect  to  find  the  three  sands  distinctly  marked,  and  the 
oil  of  the  Oil  Creek  type  ;  if  north-west  of  the  axis,  the 
First  and  Second-sands  well  developed  and  the  Third  thin 
or  wanting,  with  red  rocks  generally  coming  in  over  the 
First-sand  and  heavy  gravity  oil ;  if  to  the  south-east,  all 
the  sands  nioi-e  or  less  split  up  into  thin  bands,  the  group 
as  a  whole  not  so  thick  as  on  the  axis,  (owing  to  the  thin- 
ning of  its  under  members,)  red  rocks  interstra titled  all 
though,  and  dark  oil. 

We  should  also  be  able  to  judge  by  the  distance  drilled 
below  the  First-sand  whether  the  lowest  member  of  the 
group  had  been  reached.  No  well  should  be  abandoned 
without  the  certainty  that  all  of  the  oil -sands  have  been 
pierced,  unless  other  wells  in  .the  immediate  vixjinity  have 
proved  the  lower  sand  to  be  non-productive.  Most  of  the 
so-called  Third-sand  wells  of  Butler  and  Clarion  are  only 
in  the  upper  part  of  the  Third-sand — a  band  which  corres- 
ponds in  a  general  way  with  the  oil  rocks  of  Fagundns, 
Cash-Up,  Pithole  and  Pleasantville,  There  is  still  another 
stratum  below  and  in  some  localities  it  will  produce  oil. 
Where  these  localities  are  the  drill  alone  must  determine. 
Wide  areas  of  this  lower  rock  may  be  barren,  as  was  the 
case  in  the  upper  districts ;  but.  no  doubt,  many  good  de- 
posits of  oil  will  yet  be  found  in  this  lower  member.  A 
considerable  extent  of  undeveloped  territory  of  this  kind 
will  be  found  in  the  north-east  corner  of  Butler  county,  the 
south-east  corner  of  Venango,  and  the  west  end  of  Clarion. 
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Necessity  of  preserving  irell  records. 

These  are  only  a  few  of  tlie  possible  benefits  to  be  derived 
from  a  systematic  study  of  the  oil-gronp,  and  I  earnestly 
appeal  to  those  who  are  engaged  in  sinking  oil  wells  to  pre- 
serve more  accurate  and  fuller  records  of  their  work  in  the 
future,  for  it  is  upon  the  drill  alone  that  we  must  depend 
for  correct  information  concerning  these  deeply-buried 
measures. 

Every  land-owner  should  make  it  a  point  to  preserve  at 
least  one  complete  and  reliable  record  of  the  drillings  on  his 
farm,  giving  the  depth,  thickness  and  character  of  each 
stratum  from  tlie  top  to  tlie  bottom  of  the  deejiest  well. 
This  record  should  be  kept  from  actual  measurements, 
made  wherever  a  change  of  rock  occurs,  and  recorded  on 
the  spot,  at  the  time,  in  a  book  kept  for  that  purpose ;  and 
not  be  written  up,  as  is  too  often  the  case,  when  the  well  is 
comi^leted,  when  it  is  made  to  conform  to  some  general  for- 
mula which  the  driller  has  worked  out  from  his  experiences 
on  other  wells. 

Contractors  and  drillers  have  become  so  familiar  with  the 
general  stratification  of  the  country  that  they  see  no  neces- 
sity for  noting  j)articularly  anything  more  than  the  lime- 
stone from  which  to  calculate  the  depth  to  the  oil-sand, 
the  point  in  the  mountain  sand  to  case  off  the  water,  and 
the  place  for  torpedoing  the  oil  sand.  "Tell  me  the  dis- 
tance from  the  surface  to  the  limestone,  in  any  well,  and  I 
will  give  you  the  tliicknesses  and  positions  of  the  sands  be- 
low, and  a  point  within  five  feet  of  which  the  oil-sand  will 
be  found,"  is  a  very  common  form  of  expression  among 
these  men  when  applied  to  for  records  of  their  wells.  "  We 
have  drilled  so  much  in  this  territory,  and  are  so  well  ac- 
quainted with  the  sands,  that  we  know  every  hour  of  the 
day  just  what  stratum  we  are  drilling  in,  without  the  ne- 
cessity of  stopping  to  measure  up." 

Admitting  that  this  general  knowledge  of  the  rocks  may 
be  sufficient  for  all  practical  purposes  in  drilling  for  oil  in 
developed  territory  it  must  be  apparent  that  much  more 
definite  information  is  needed  when  we  come  to  classify  the 
sail. I  — to  trace  j)articular  bands  from  place  to  place — to 
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ascertain  the  causes  of  their  variation,  and  to  predict  the 
probable  direction  of  their  continuance  or  the  points  of  their 
tennination. 

During  the  three  of  four  weeks  spent  in  Butler  and 
Chirion  last  fall  I  did  not  succeed  in  getting  five  complete 
and  reliable  well  records,  although  I  sought  for  them  dili- 
gently. They  have  not  been  preserved  as  they  should 
have  been.  Several  hundred  blanks  for  filling  in  the 
records  were  distributed  personally  and  by  mail,  but  only 
a  very  few  of  the;m  have  been  filled  in  and  returned.  This 
should  not  be  so.  It  is  a  matter  of  great  public  interest 
and  claims  an  assisting  hand  from  all.  One  or  two  well 
registers  from  each  farm,  put  on  file  among  the  records  of 
the  Survev,  would  form  one  of  the  most  valuable  collections 
of  geological  data  that  could  possibly  be  made.  Not  only 
would  they  be  of  use  in  our  present  investigations  of  the 
oil-rocks,  but  many  of  them  in  the  lower  districts,  if  pro- 
perly kept,  would  furnish  the  means  for  an  accurate  study 
of  the  coal  seams  of  those  localties  not  to  be  obtained  in 
any  other  way,  and  not  equaled  in  any  other  section  of  the 
State.  Their  present  and  prospective  value  can  hardly  be 
estimated. 

We  have  blanks  prepared  for  keeping  these  records,  and 
they  will  gladly  be  sent  by  mail  to  any  address  on  applica- 
tion to  the  district  headquarters  at  Pleasantville.. 

McKean  and  Warren. 

It  would  hardly  be  proper  to  close  this  article  without 
some  allusion  to  the  oil  fields  of  McKean  and  Warren 
counties,  now  so  rapidly  coming  into  prominence  and  de- 
manding the  closest  attention  of  the  oil  miner  and  the 
geologist. 

To  both  alike  these  are  new  and  unexplored  regions. 
Only  enough  is  known  of  them  to  make  it  quite  certain 
that  they  are  producing  oil  in  paying  quantities  from 
measures  several  hundred  feet  below  the  oil-sands  of  Ve- 
nango, Clarion  and  Butler,  and  that  they  are  to  be  develop- 
ed and  studied  without  anv  reference  whatever  to  this  last 
named  sand  group. 
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At  Warren  the  outcrop  of  the  Venango  oil-sands  may  be 
seen  in  the  hill -sides  above  river  level,  and  oil  is  struck  in 
the  wells  at  a  depth  of  about  600  feet  below  them.  At 
Bradford,  McKean  county,  the  Venango  sands  have  not 
been  recognized,  but  there  is  suflScient  data  to  show  that  if 
they  reached  that  locality  they  woitld  there  occupy  about 
Ihe  same  position  in  relation  to  the  Tunanguant  Valley 
that  they  do  at  Warren  in  relation  to  the  Valley  of  the 
Allegheny.  The  ''Tuna"  Valley  wells  are  over  1,000  feet 
deep. 

Comparison  of  oil  sands. 

Taking  the  Venango  oil-group,  then,  for  our  guide,  the 
so-called  third  sand  at  Warren  lies,  say,  600  feet  below  the 
Oil  Creek  third  sand ;  and  the  so-called  Third -sand  of  Brad- 
ford, sav  400  feet  below  the  Warren  so-called  Third-sand. 

Here  is  another  illustration  of  the  fallacy  of  attempting 
to  transfer  local  names  to  new  fields  without  an  actual 
tracing  of  the  rocks  from  place  to  place. 

Any  one  unacquainted  with  the  Oil-Regions  would 
naturally  infer,  when  reading  of  our  developments,  that 
the  third  sand  of  Venango  was  the  same  as  the  third  sand 
of  Warren  and  McKean.  But  it  is  here  seen  that  thev  are 
three  distinct  layers  of  sand,  having  nothing  whatever  in 
common.  The  third  sand  of  Venango  is  not  represented 
at  all  in  the  wells  at  Warren,  (for  they  commence  to  drill 
below  its  base,)  and  neither  the  third  sand  of  Venango  nor 
the  Third-sand  of  Warren  is  represented  in  the  wells  at 
Bradford.  Why  it  is  considered  necessary  always  to  have 
three  sands  in  a  well  it  is  hard  to  conceive,  unless  it  is  to 
convey  the  impression  that  the  stratification  is  the  same  as 
on  Oil  Creek — which  is  a  very  erroneous  idea  to  go  abroad  in 
relation  to  the  oil  strata  of  Warren  and  McKean.  There  is 
certainly  no  similarity  or  connection  between  the  oil-rocks 
of  Venango  and  Warren,  and  nothing  as  yet  to  prove  any 
between  Warren  and  McKean. 

New  fields  opened. 

In  these  two  districts  we  evidently  have  a  band  of  oil- 
bearing  rocks,  extending  at  least  to  a  depth  of  1,000  feet 
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beneath  the  horizon  of  the  Venango  oil-group,  entirely  dis- 
similar to  the  latter  lithologically  and  producing  a  different 
quality  of  oil. 

They  open  up  new  fields  of  experiment  to  the  oil  pro- 
ducer, new  worlds  of  study  to  the  geologist.  All  the 
driller's  experiences  and  all  the  geologist's  researches  in 
the  old  districts  can  be  of  little  use  here.  In  aire,  in  struc- 
ture,  in  position  and  in  the  quality  of  their  oils  they  have 
nothing  in  common. 

The  finding  of  oil  in  these  measures  is  no  surprise,  for  it 
is  well  known  that  in  almost  every  place  where  the  Che- 
mung rocks  have  been  pierced  by  the  drill,  some  traces  of 
oil  or  gas  have  appeared.  But  what  are  the  peculiar  con- 
ditions which  have  resulted  in  so  large  a  deposit  of  oil  in 
these  localities  while  so  little  has  been  discovered  in  the 
same  measures  elsewhere?  This  is  as  much  a  problem  to 
be  worked  out  de  novo  as  was  the  mystery  of  the  Drake 
well  when  first  struck  in  1859. 

In  the  Venango  district  we  have  seen  that  a  sand  rock  is 
necessary  to  insure  a  paying  oil  well,  and  that  the  direc- 
tion of  the  development  is  determined  by  the  trend  of  the 
sand  belt.  But  sands  do  not  seem  so  effectually  to  govern 
the  production  in  these  new  districts.  At  Bradford  there 
are  several  oil  horizons,  some  being  in  soft  shale,  and  some 
in  rather  fine,  thin  bedded  sandstones.  In  Warren,  also, 
oil  is  reported  in  the  shales,  and  the  sand  is  of  quite  an  in- 
ferior quality.  But  this  matters  not,  so  that  the  oil  is 
obtained.  A  hundred  barrel  well  is  a  good  institution, 
whether  it  is  in  shale  or  sand,  whether  the  oil  comes  from 
one  point  in  the  well  or  accumulates  from  half  a  dozen. 
The  old  idea  of  the  necessity  for  three  sands  should  be 
discarded  in  these  new  districts.  It  is  certain  that  the  Oil 
Creek  sands  are  not  there,  and  what  is  want^ed  is  an  Intel- 
ligeiit  study  of  the  rocks  as  they  are  founds  regardless  of 
their  agreement  or  disagreement  with  the  stratification 
of  Venango  or  Butler, 

The  development  has  been  carried  forward  so  far  on  cer- 
tain lines,  based  on  theories  formed  in  following  the  Ve- 
nango group.  These  lines,  by  chance,  may  be  successful  for 
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a  time  in  certain  localities  ;  but  as  there  is  not  necessarily 

any  connection  between  the  two  systems  of  oil-bearing 
rocks,  they  are  probably  not  the  ones  which  will  work  out 
the  problem  before  us. 

JVote  and  pursue  the  geological  facts. 

It  is  manifestly  to  the  interest  of  every  well  owner  in 
this  new  territory,  to  keep  good  well  records  and  carefully 
preserved  specimens  of  sand  pumpings  and  to  note  closely 
every  fact  bearing  on  the  geology  of  the  country,  in  order 
that  a  comprehensive  understanding  of  these  measures 
may  be  arrived  at  as  speedily  as  possible. 

This  horizon  of  the  Chemung  formation  has  a  wide 
range  throughout  the  northern  counties  of  this  State,  and 
southern  New  York,  and  probably  contains  many  other 
prolific  oil  deposits,  the  successful  search  for  which  will 
depend  very  much  upon  the  use  made  of  the  facts  revealed 
by  the  drill  in  the  districts  now  being  developed. 

John  P.  Carll, 

Assistant. 

Pleasantville,  June  15^  1876. 


6 


84 


OEOLOGICAL  SURVKT  OF  PENN'A,  1885. 


"If  III 


Map  of  portions  of 

West  branch  aricL  Jlbbot  to)vnships 

Potter  Cbunty. 
shaming  the  position  of  the 

"ermania.  Oil  Cbmpcvny^  Test  Wells 


Sccde  cfj^iles        g 


=s=;^ 


0.M.0, 


As7iburner.]      oil  and  gas.     chapter  vr.  Hfi 

Ohlen  well.  No,  L 

Spring  of  1880, 

Drilled  bj*^  (xermania  Oil  Company,  on  Boligh's  mn. 
Warrant  No.  4,709,  Abbot  township,  Potter  county. 
Authority,  Mr.  J.  C.  Chambers. 

WeH  mouth  above  ocean  in  feet,* 1,530 

Specimen 
Numbers, 

Conductor  (no specimens,) 25' to  25' 

1-    2.    SS.  light  gray,  fine-grained, 10  to  85 

3-  10.    Blate,  sand,  sheUs  and  mud, 40  to  75 

11.  SS.  yellowish-gray,  fine, 5  to  80 

12.  Sandy  slate,  bluish-gray, 5  to  85 

13.  SS.  and  sandy  shale,  fawn  color,     .   .       5  to  90 

14-  15.    SS  shelly,  dark-gray, 10  to  100 

16-  18.    Sandy  slate,  dark, 15  to  1 15 

19.  SS.  atid  shale,  red,  5  to  120 

20.  Sand  shells,  gray,  and  dark  slate,     .       5  to  125 
Sand  shells,  gray,  (  No.  20|,  notbottled,)      3  to  128 

21-  22.    SS.  fine,  fiaky,  red,  7  to  135 

Sandbhaie,  red,  (No.  22^,  not  bottled,)      3  to  138 

23.  SS.  shaly,  dark  red 4  to  142 

24.  SS.  reddiah-gray,  fine, 4  to  146 

25.  Sand  shale,  red,  4  to  150 

26.  SS.  red  and  dark-gray, 6  to  156 

27.  SS.  and  shale,  red, 4  to  160 

28.  Sandy  slate,  8ome  red,     5  to  165 

29-  37.    Slate,  s  >mewhat  sandy, 45  to  210 

38-  42.    8S.  dark-gray,  slaty,  ...  25  to  235 

43-  47.    SS.  shaly,  reddUh-gray  and  red,     .   .  23  to  260 

48-  62.    SS.  shaly,  dark-gray,  some  slate,  ...  75  to  335 

63.  SS.  red  and  green, 5  to  340 

64.  SS.  dark-gray, 5  to  315 

65-  68.    Sandy  shale,  red,  20  to  3<)5 

69.  SS.  greenish-gray,  dark,     6  to  370 

70.  SS.  red  and  dark-gray,      5  to  375 

71-  73.    SS.  dark-gray,  fine,  flaky,       ....  15  1o  390 

74.    SS.  Slaty,  red  and  dark-gray,    ....  5  to  395 

75-  76.    SS.  dark-gray,  fine, 10  to  405 

77-78.    SS.  darA;-red  and  greenish-gray,  fine,  10  to  415 

79-  83.    SS.  dark,  slaty,  fine,  (No. 82  wanting,)  25  to  440 

84-  85.    Sandy  slate  and  red  clay, 10  to  450 

86-  89.    Sandy  slate  and  dark  clay, 20  to  470 

Sand   shell,  thin,  gas,  (No.  89|,  i  ot 

bottled,) 

90-  97.    Slate,  white  sand  shells  frequent,    .   .  40  to  510 
98-109.    Slate  and  shells,  (Na  107|,  at  563',  not 

»K)ttled,) 60  to  670 

^Determined  barometrically  by  Mr.  Chambers. 
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110-111.    S3,  dark,  fine, 10  to     580 

112-1  IS.    SS.  light-brown  or  chocolate^     ....  10  to     590 

114.    88.  gray,  fine, 6  to     595 

115-116.    Slate,           ...       10  to     605 

117-127.    Sand  shells  and  layers  of  slate,  .  ...  55  to     660 

128-132.    88.  light-brown  m^  chocolate^        ...  25  to     685 

183-139.    Sandy  slate,  dark,  with  sand  shells,   .  35  to     720 

140-146,    88.  fine,  with  layers  of  slate,  85  to     755 
147-203.    Slate,  with  a  few  sand  shells,  (No.  149 

to  152  wanting,        285  to  1,040 

204.    Sand  shells,           5  to  1,045 

205-218.    Slate  and  shells,      70  to  1,115 

219-220.    88.  light-gray,  fine,              10  to  1,125 

221-271.    Slate,  with  few  sand  shells, 255  to  1,880 

271^275.    SS.  dark,  slaty,  fine 20  to  1,400 

276-280.    Slate,                      25  to  1,425 

281.    Sand  shells,  dark, 5  to  1,430 

282-283.    Slate,  gritty,      10  to  1,440 

284-285.    88.  gray,  fine, 10  to  1,450 

286-2S8.    Slate,  gritty,      15  to  1,465 

289.    88.  dark,  fine, 5  to  1,470 

290-293.    Slate,    ...              20  to  1,490 

294-301.    Slate,  gritty,  and  sand  shells,    ....  40  to  1,530 

302-322.    88.  fine,  flaky,  with  sandy  sUte,     .   .  105  to  1,635 

328-329.    88.  fine,  bat  more  slaty,       35  to  1,670 

330.    Sand  shells,  with /oMt/«,         ...  5  to  1,675 
331-339.    Slate  and  thin  sands,  (No.  336  and  No. 

338  wanting,)                     45  to  1,720 

340-342.    Sa  bluish-gray,  fine,  flaky, 15  to  1,735 

343-354.    Slate  and  slaty  sand  shells,            ...  60  to  1,795 

355-356.    SS,  brownish-gray,  Jine, 10  to  1.805 

857.    Sandy  slate, 5  to  1,810 

358.  SS.  light,  brownish-gray f 5  to  J. 815 

359.  Sandy  slate,          5  to  1,820 

860-361.    SS.  dark,  brownish-gray 10  to  1,830 

862-380.    Slate  and  slaty  sand  shells, 95  to  1,925 

381-383.    Slate  and  shells, 15  to  1,940 

384.    Slate,  .   .              5  to  1,945 

385-389.    Slate  and  shells, 25  to  1,970 

390-401.    Slate  and  thin  slaty  sand  shells,    ...  59  to  2,029 

Cased  at  328'.  No  water  below  this.  Some  fetid  gas, 
burning  with  a  dull,  smoky  flame  at  450',  and  again  at  630'. 
No  show  of  oil. 

OJilen  well^  No,  2. 

1880. 

Drilled  by  Germania  Oil  Company  on  West  Branch  of 

Pine  Creek,  near  center  of  warrant  No.  4,675,  AVest  Branch 
township,  Potter  county.     Authority,  Mr.  J.  C.  Chambers. 
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Weil  mouth  abOTeooean  in  feet  (  bar,  Chambers,) 1»700 

Specimen 

numbers,  j 

Conductor  (no specimens,) 46'  to  46' 

1-  20.  8S.  friable,  greenish-gray,  some  red,  .  100  to  145 

21.  88.  dark  red, 6  to  160 

22.  88.  red,  and  dark-gray,  ' 6  to  166 

28.  88.  red  and  light  yellow-gray,  ....  6  to  160 

24-  26.  8a  red  and  greenish-gray 10  to  170 

26.  88.  yellow-gray,  line,  hard,          ...  0  to  176 

27-  32.  8S.  darlc-gray,  friable,  hard  in  center,  3C  to  205 

88.  88.  white  and  red, 5  to  210 

84-  86.  88.  light-gray, 10  to  220 

86.  88.  yellow-green,  hard, 6  to  226 

87.  88.  red, 6to  280 

88.  88.  greenish-gray, 6to  286 

39-  40.  88.  red  and  gray, 10  to  246 

41.  8a  dark-red,       6  to  260 

42-  44.  88.  greenish-gray,     16  to  266 

46-  4&  88.  gray,        20  to  286 

49.  88.  dark  red,  friable,       .   .          ...  6  to  290 

60-  66.  88.  light-red,  or  reddish  gray,  tine,  80  to  820 

66-  67.  8a  red  and  gray,       10  to  830 

68-  72.  Sa  red,  fine  but  variable  in  shade  and 

texture, 76  to  405 

73-  79.  8^.  gray,  shading  on  red,  line,  hard,  86  to  440 

80-  ei.  88.  dark-red,  very  fine,  solid,  ....  10  to  460 

82.  88.  dark-red,  fiaky,         6  to  455 

88.  88.  gray,  friable,       6to  460 

84.  88.  red,  flaky, 6  to  466 

86.  88.  white  and  yellow,  hard,    ....  6  to  470 

86-  87.  88.  darh-red,  flaky,      10  to  480 

88.  8a  gray,        6  to  486 

89.  88.  red, ....  6  to  490 

90-  91.  88.  green,  red  and  fawn  color,  ....  10  to  600 

92.  88.  dove  color,  flaky, 6  to  606  . 

98.  88.  yellowish,                          6  to  610 

94-  99.  8and  shells,  and  dark  and  cholocate- 

slate, 80  to  640 

100-103.  88.  gray,  fine,  compact, 20  to  660 

104-118.  8and  shells  with  thin  bands  of  slate,  76  to  636 

119-120.  8Ute, ..  10  to  646 

121-126.  88.  light  gray,  with  layers  of  slate,  .  .  SO  to  676 

127.  8late,  dark, 6to  680 

128-129.  88.  light-gray,  friable, 10  to  690 

180-185.  Slate,  with  some  sand  shells,     ....  SO  to  720 

186-14a  88.  gray,  friable, 26  to  745 

141.  Slate, 6  to  760 

142-144.  S8«  slaty ,  dark, 16  to  766 

146-148.  88.  white,  friable,  mixed  with  slate,  20  to  786 

149-162.  88.  white  and  darkled,  fine,  compact,  20  to  805 

168.  Sandy  slate,  brotoniah,  dark 6  to  810 
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154-165. 
156-15S. 
159-161. 
162-163. 
164-165. 
166-171. 
172. 
173-174. 
175-177. 
178-181. 
182-189. 
190-192. 
193-194. 
195-199. 

aoo. 

201. 
202-203. 

204. 
205-207. 
20&.212. 
213-222. 

223. 
224-226. 
227-212. 
243-247. 
248-253. 
254-255. 

256. 
257-258. 
259-265. 
266-267. 


SS.  white  and  gray,  some  slate,   ...  10  to 

Slate,  somewhat  sandy, 15  to 

SS.  red  and  green,  ....  15  to 

SS.  bnfiT-color,  fioe,  oompaot,  ....  10  to 

Sandy  slate,  10  to 

SS.  gray,  friable,  mioaoeous,     ....  80  to 

Slate,  .....  5  to 

Sand  shells,  light-gray,  with  slate,  .   .  10  to 

Slate,  ...  .  .  ...  15  to 

SS.  light-gray,  with  slaty  shells,     .  .  20  to 

Slate,  somewhat  sandy,     40  to 

SS.  gray,  friable, 15  to  1 

Sandy  slate,     10  to  1 

SS.  gray,  friable, 25tol 

Sandy  slate,  mioaoeous, 5  to  1 


SS.  light-gray,  shelly, 
Sandy  slate,  dark,  mioaoeous, 
Slate,              ... 
Sand  shells,  gray,  with  slate. 
Slate,      


...  5  to  1 

...  10  to  1 

...  £  to  1 

...  15  to  1 

...  25  to  I 

Slate  and  shells, 50tol 


Sandy  slate,  red  and  green,      ....  5  to  1 

SS.  and  slate,  both  dark,              ...  15  to  1 

Slate,  sand  shells  and  mud  rook,    .  .  80  to  1 

SS.  and  slate,  fawn  color,  mioaoeous,  25  to  1 

Slate,                     .      SOtol 

SS.  and  slate,  dark, 10  to  1 , 

Slate,       5  to  1 

SS.  slaty 10  to  1, 

Slate,       85  to  1, 

SS.  brownish^  line,  flaky,  mioaoeous,  10  to  1 

268-298.    Slate,  with  infrequent  sand  shells,    .  180  to  1 

294-298.    Slate  and  shells, 25  to  1, 

299-326.    Slate,  .   .                 140  to  1, 

827-329.    Sand  shells  and  slate, 15  to  1, 

S80-34L    Slate  to  bottom  of  well, 60  to  1 

Cased  at  520'.     No  water  below  this.     Some  gas  at  650', 
similar  to  that  in  No.  1.     No  show  of  oil. 
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Oltlen  Well,  No  3. 

1880. 

Drilled  by  the  Germania  Oil  Company,  on  a  small  tribu- 
tary of  West  Branch  of  Pine  Creek,  in  the  south-west  quar- 
ter of  Warrant  No.  4,663,  West  Branch  township,  Potter 
countv.     Authority,  Mr.  J.  C.  Chambers. 

Specimen 

Numbers,    Well  mouth  above  ocean  in  feet  (bar..  Chambers)  2,050' 

Conductor,  Ac.,— (No  specimens)  .  .   40' to       40' 

1-    6.    SS.  yellow-gray,  fine,  hard, 30  to       70 
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7-  12.  SS.  Shaiy,   with  fawn  color  and  red 

slate, 80  to  100 

18.  SS.  gray, 5  to  105 

14-15.  SS.  r«d  and  dark-gray,  tine,  mica,    .   .  10  to  115 

16-  22.  SS.  gray,  shelly,       86  to  150 

23-29.  SS.gray,  shelly, 85  to  185 

80-  81.  SS.gray,  shelly,  (Nos.  80,  81,  81|),  .  15  to  200 

82-  85.  8S.  line,  har  I,  argillaceous,    .   .  20  to  220 

86-  87.  SS.  and  chocolate  sandy  shale,    ....  10  to  230 

38-  89.  SS.  shelly,  gray, 10  to  240 

40-  46.  SS.  fine,  dark-gray, 85  to  275 

47-  51.  SS.  shelly,    .              25to  800 

52-  55.  SS.   shelly,  red,    .       20  to  820 

56.  SS.  gray, 6  to  825 

57-  60.  as.  red,   finegrained, 20  to  345 

61-  64.  SS.  shells  and  slate, 20  to  865 

65-  74.  SS.  red  and  gray, 60  to  416 

75-  79.  SS.g^y,  some  slate, 25  to  440 

80-  87.  Sandy  slate,  red  and  green, 40  to  480 

88-  89.  SS.  greenish-gray, 10  to  490 

90-  91.  SS.  red  and  green, 26  to  615 

95-  96.  SS.  greenish-gray, 10  to  526 

97.  S8.  red  and  green, 5  to  580 

98-  99.  SS.  gray, 10  to  540 

100.  SS.  red  and  green, 5  to  545 

101-102.  SS.  gray,  tine, 10  to  655 

108.  S8.  red  and  green, 6to  560 

104-105.  SS.  gray, 10  to  570 

106.  SS.  bluish-gray,  dark,  fine, 5  to  575 

107-124.  SS.  yellow-gray,  fine,  hard, 90  to  665 

126-126.  Sa  bluish-gray,  friable, 10  to  675 

127-132.  US.  yellow-gray,  with  slate,     80  to  705 

188-135.  sa  green-gray,             15  to  720 

186-187.  SS.  green  and  red,  shaly, 10  to  780 

188-144.  sa  greenish-gray, 35  to  766 

145-151.  SS.  greenish-grey,  tine, 85  to  800 

152-168.  SS.  gray,  mixed  with  red,  shaly,  ...  10  to  810 

154-155.  SS.  gray,  tine,      *  10  to  820 

156-157.  SS.  gray  and  red, 10  to  830 

168-161.  SS.  greenish-gray,  tine, 20  to  850 

162-168.  SS.  gray  and  red, 10  to  860 

164-171.  sa  red,  shaly, 40  to  900 

172-176.  SS.  yellow-gray,  tine, 26  to  925 

177-181.  as.  gray,  tine, 25to  950 

182.  sa  gray,  very  fine  and  hard, 5  to  956 

188-189.  sa  light-red,  fine,  hard,      35  to  990 

190-197.  aa  and  shale,  dark  reddish  brown,  .  .  40  to  1,030 

198.  SS.  (iar A:  red  and  white, 5  to  1,035 

199-201.  S8.  red  and  white,  fine 16  to  1,050 

202.  SS.  yellow-gray,  fine, 5  to  1,055 

203.  SS.  red  and  white, 6  to  1,060 

204-20a  SS.  yellow-gray, 25  to  1,085 
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209-211.    Sa  red,  Bhaly, 15  to  1,100 

212-218.    8S.  yellow-gray, 10  to  1,110 

214-219.  SS.  dar A:  red,  micaoeoas,  flaky,  .  ..  SO  to  1,140 
220-222.    SS.  yellow-gray,  fine,  15  to  1,165 

228.    Slate,  dark,  and  gray  sbelU, 5  to  1,160 

224-225.    SS.  gray  with  dark  slate, 10  to  1,170 

226.    Slate,  dark,      .   .  5  to  1,175 

227-229.    SS.  yellow-gray,  fine,  hard, 15  to  1,190 

280-234.    Sand  shells  and  dark  slate, 25  to  1,215 

285-237.    Slate,  dark, .   .    15  to  1,280 

238-243.    Sand  shells,  micaoeoas,  light-gray,  with 

slate,         80  to  1,260 

244-246.    Slate,  muddy, 15  to  1,275 

247-249.    Slate,  mud  rook  and  shells, 15  to  1,290 

250-251.    Slate,  mud  rock  and  shells,     10  to  1,800 

25^-265.    Slate, ....    20  to  1,320 

2o6-260.    Slate  and  shells, 25  to  1,345 

261.    Sand  shells  and  slate, 5  to  1,850 

262-276.    Slate,  sandy, 75  to  1,425 

277.    Slate,  dark,  dean, 5  to  1,430 

278-279.    Slate    and    fossil  liferous    sand -stone 

layers,       10  to  1,440 

280-281.    Slate,  dark, 10  to  1,450 

282-284.    Sand  shells,  fos^iilliferous, 15  to  1,465 

285-288.    SS.  micaceous,  flaky,  red, 20  to  1,485 

289-294.    SS.  red  and  dark  slate, 80  to  1,515 

295-299.    SS.  brownish,  flakj',  fine, 25  to  1,540 

800-306.  Sandy  shale,  dar A:  reddMA  &rown,  .  .  85  to  1,575 
807-309.  Sandy  shells,  light  and  dark  slate,  .  .  15  to  1,590 
310-811.    SS.  brown,  with  light  gray  shells,  ...    10  to  1,600 

812-327.    SS.  dark-gray,  slaty,      80  to  1,680 

328-334.  Sand  shells,  gray,  with  slate,  ....  85  to  1,715 
335-340.    Sand  shells,  gray  and  &rou;n,  with  sandy 

slate,  30  to  1,745 

341-343.    Sand  shells,  gray,  with  slate, 15  to  1,760 

344-355.  Sand  shells,  light-gray,  with  le&s  slate,  60  to  1,820 
356-359.    SS.   light  brown  and  red,  micaceous, 

fiaky, 20  to  1,840 

360-375.    Slate  and  shells,     80  to  1,920 

376-379.    SS.     light-brownish-gray,    micaceous, 

flaky,      20  to  1,940 

380-384.    Slate,  micaceous,  25  to  1,965 

385.    SS.  brownish-^ray,  flaky, 5  to  1,970 

386-3S9.    Slate,  20  to  1,990 

390.    Sand  shells  and  slate, 5  to  1,995 

391-421.    Slate,  155  to  2,150 

422.    Slate,  sandy, 5  to  2,155 

423-434.    Slate,  upper  part  muddy,  (Nos.  484  and 

435.  each  10'.) 75  to  2,230 

'♦This  well   was   afterwards   drilled 

deeper  and  no  specimens  kept,  but 

there  was  *  no  change  in  the  character  of 

the  drillings  in  this  interval'  "of,    .   .  520  to  2 ,750 
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Cased  at  632'.  Salt  water  at  560'.  No  water  below  the 
casing,  no  gas,  no  oil.  The  well  was  torpedoed  dry  at 
about  1,820'.  The  shot  threw  stones  out  of  the  well  but 
caused  no  water,  oil,  or  gas  to  come  in.  On  running  the 
bailer  the  hole  was  found  to  be  perfectly  dry. 

Ohlen  Well,  No,  ^. 

1880-81. 

Drilled  by  Grermania  Oil  Company,  near  Carter  Camp, 
in  tlie  south-east  comer  of  Warrant  No.  4,690,  Abbott 
township,  Potter  county.     Authority,  Mr.  J.  C.  Chambers. 

WeU  mouth  above  ocean  Id  feet,  (bar.,  Chambers,) 1,050' 

Specimen 
Numbers, 

Conduotor,  (spec,  land 2  wanting,)  .  .     10' to       10 

8-    5.  Shale,  red, 16  to  25 

6-    7.  SS.  red, .  10  to  85 

8-  18.  SS.  yeUow-green,  yellow  and  drab,  fine,  55  to  90 

19.  8S.  red,  fine,  oompaot,                5  to  95 

20.  SS.  dark  biuiah-graj,  friable,          ...  5  to  100 

21.  8S.  red  and  reddish^ray,  friable,     .   .  5  to  105 

22.  SS.  red,  mioaceous,    .   .       5  to  110 

28.  SS.  gray,               5  to  115 

24-  27.    SS.  fine,  with  red  shale,      20  to     185 

25-  29.    SS.  light-red  and  reddish- gray,  ....      10  to     145 
30.    SS.  red,  friable,  mioaoeous,    .   .  5  to     150 

81-  37.    SS.  irreeniah-gray,  friable,  micaceous,  .  85  to  185 

88.    SS.  fine,  compact,  with  shale,  light  red,  5  to  190 

89^  42.    Sandy  slate,  dark,  purplish, 20  to  210 

48.    SS.  white  and  gray,          ...             .   .  5  to  215 
44-  50.    Slaty  SS.,  variable  in  composition  and 

color,  dark, 85  to  250 

51.    SS.  light-gray,  a  little  red, 5  to  255 

52-  55.    Sandy  slate,  dark,                .   f 20  to  275 

56.    SS.  light-gray  and  red,  friable,  5  to  280 

57-  59.    SS.  dark  and  light,  friable,  micaceous,  .  15  to  295 

60.    Shaly  sandstone,  red,          5  to  800 

61-  84.    Sand  shells,  gray,  with  dark  slate,  ...  120  to  420 
85-  94.    SS.  light  brownish-gray,  friable,  mica- 
ceous,    50  to  470 

95-102.    SS.  reddish-brown  and  gray,  with  red 

shale,                                                    .  40  to  510 
103-107.    SS.  dark-gray,  with  purplish  slate,  mica- 
ceous,                                               ...  25  to  585 
108-109.    SS.  chocolate  and  g^y,  fine,  friable,  mi- 
caceous,   J  ^10  to  545 

110-123.    SS.  dark-gray,  with  dark  sandy  slate, 

micaceous, 70  to  615 

124-126.    Slate, 15  to  630 

127-140.    Slate  and  sand  shells, 70  to  700 
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141-148.  SS.  dark-gray  and  r«d,  with  sandy,  mi- 
caceous slate,    40  to     740 

149-155.  Sand  shells  and  slate, 85  to     775 

156.  SS.  light-gray,  fine,       5  to     780 

157-159.  SS.,  gray  shells  and  slate,  15  to     795 

160-170.  Sand  shells,  ehocolate,  fine,  with  dark 

slate,                                       55  to     850 

171-181.  Slate,  with  some  fine  sand, 55  to     905 

182.  SS.  ligbt-gray,  fine,  close, 5  to     910 

183-196.  Slate,       70  to     980 

197-210.  SS.  light-gray,  fine,  flaky,  some  slate,   .  70  to  1,050 

211-231.  Slate,  with  a  little  fine  brown  aand,  .   .  120  to  1,170 

235-239.  SS.  brownish^  fine,  some  slate,  ....  25  to  1,195 

240-253.  Sandy  slate,                                     ....  70  to  1,286 

254-266.  SS.  gray,  light  and  dark,  fine,  flaky,  .   .  65  to  1,330 

267-293.  Slate,                     185  to  1,465 

294-300.  Slate  and  Pheils, 35  to  1,500 

801-306.  Slate  sandy,  micaceous, 30  to  1,580 

307-313.  SS.  light-gray, 85  to  1,665 

314-326.  Sandy  slate, 65  to  1,630 

827-848.  SS.  in  layers,  gray  and  variable,  with 

sandy  slate, 110  to  1,740 

349-864.  Sandy  slate, 80  to  1,820 

365-372.  SS.  dark-gray,  fine,  some  slate,    ....  40  to  1,860 

373.  SS.  ocher  color,  fine,  hard,  fossils,  ...  6  to  1,865 

374-386.  SS.  dark,  fine,  slaty 66  to  1,930 

387-420.  Sandy  slate,  granulated,  very  uniform 

to  bottom  of  well, 170  to  2,100 

Cased  at  580.'    No  wafer  below  this.     No  oil,  no  gas. 

The  records  of  these  wells  I  have  carefully  studied,  in  con- 
junction with  other  data  collected  by  the  Survey  in  Potter 
county,  and  I  have  been  enabled  to  arrive  at  some  general 
conclusions  as  to  the  relationship  existing  between  the 
strata  in  the  individual  records. 

The  specimens  of  the  sand  pumpings,  taken  from  these 
wells  were  not  accessible  at  the  time  that  this  report  was  pre- 
pared for  the  press,  so  that  some  of  the  conclusions  stated 
here  may  be  slightly  modified  by  a  subsequent  study  of  the 
si)ecimens,  in  conjunction  with  a  more  detail  examination 
of  the  surface  geology,  on  the  ground. 

What  appears  to  be  the  bottom  of  the  Catskill  formation, 
No.  IX,  as  referred  to  in  reports  of  McKean.  Cameron,  Elk 
and  Forest  counties,  (see  reports  R  and  RR)  was  passed 
through  in  well  No.  2  at  a  depth  of  145  feet,  in  well  No. 
3  at  a  depth  of  560  feet  and  in  well  No.  4  at  a  depth  of  35 
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feet.     At  well  No.  1  this  same  geological  horizon  is  about 

330  feet  above  the  top  of  the  well  month,  or  in  other  words, 

the  geological  strata  occnrring  on  a  level  with  the  top  of 

well  No.  1,  was  fonnd  in  well  No.  2  at  a  depth  of  475  feer,  in 
well  No.  3  at  a  depth  of  890  feet,  and  in  well  No.  4  at  a 

depth  of  365  feet.  From  this  it  is  perceived  that  although 
well  No.  1  was  not  drilled  as  deep  as  either  wells  Nos.  3  or 
4,  yet  the  lowest  rock  geologically,  was  pierced  by  well  No. 
1.  To  penetrate  the  same  geological  horizon  as  that  at  the 
bottom  of  well  No.  1,  well  No.  2  would  have  to  be  drilled 
754  feet  deeper,  well  No.  1,  169  feet  deeper  and  well  No.  4, 
294  feet  deeper. 

From  these  conclusions,  and  the  elevations  given  for  the 
mouth  of  each  well,  the  dip  of  the  strata  between  the  dif- 
ferent wells  has  been  estimated  as  follows  : 

WeU  Noi  4  to  wel]  No.  1,  distance  8  miles,  total  dip  55  feet. 
Well  No.  4  to  well  No.  2.  distance  3^  miles,  total  dip  360  feet. 
Well  No.  2  to  well  No.  8,  distance  2'  miJes,  total  dip  65  feet. 
Well  No.  1  to  well  No.  3,  distance  5|  miles,  total  dip  370  feet. 

Wells  Nos.  2  and  4  are  located  very  near  the  axis  of  the 
New  Bergen  anticlinal,  and  wells  Nos.  1  and  3  near  the  Mill 
Creek  and  Pine  Creek  synclinal,  which  is  the  north-east- 
ern extension  of  the  Wharton  Coal-basin  in  south-western 
Potter  county,  and  of  the  Cameron  Cpal-basin  in  Cameron 
county,  both  of  which  are  parts  of  the  Fourth  Bituminous 
Coal-basin. 

No  carefully  measured  section  has  been  made  of  the  out- 
cropping  strata  in  either  Abbot  or  West  Branch  townships, 
but  suflficient  data  have  been  obtained  to  conclude  that  for- 
mations Nos.  X,  IX,  and  VIII  are  thicker  in  this  part  of 
the  county  than  in  that  part  of  the  county  immediately 
adjoining  McKean  and  Cameron  counties. 

It  is  not  possible  to  locate  the  horizon  of  the  Bradford 
oil-sand  in  any  of  these  well  records,  nor  do  I  believe  that 
the  Bradford  oil-sand  was  ever  deposited  in  the  area  where 
these  wells  have  been  drilled. 

Although  wells  drilled  in  Potter  county  can  never  be  ex- 
pected to  add  anything  to  our  oil  production,  their  records 
are  invaluable  additions  to  our  geological  knowledge  of  the 
region. 


ON  THE  VEGETABLE  ORIGIN  OF  COAL. 


BY  LEO  LE8QUEREUX. 


The  assertion  that  coal  is  a  compound  of  vegetable  re- 
mains would  be  contradicted  by  very  few  if  any  living  natu- 
ralists, supported  as  it  is  by  the  following  proofs  : 

1.  By  the  abundance  of  well-preserved  fragments  of 
plants  generally  found  in  the  roof  shale  of  the  coal  strata, 
or  at  their  base ;  in  the  fire  clay,  or  in  the  layers  of  clay  shale 
(clay  partings)  at  divers  parts  of  their  thickness.  This  fact 
is  known  by  every  one  who  has  had  opportunity  to  examine 
seams  of  coal. 

2.  By  the  distribution  of  microscopic  fragments  of  vege- 
tables throughout  coal,  however  deformed  the  fragments 
may  have  become  by  maceration  and  compression. 

3.  By  chemical  analysis. 

These  three  lines  of  argument  may  be  developed  in  the 
following  manner : 

Antoine  de  Jussieu,  the  father  of  the  French  botany,  re- 
turning from  Spain  in  or  about  1740,*  found  along  the 
river  of  Gies,  near  St.  Chaumont,  a  quantity  of  fragments 
of  plants  which  he  says  are  varied  and  far  different  from 
the  plants  living  in  France.  He  remarks  that  the  impres- 
sions marked  upon  the  stones  represent  true  plants ;  the 
specimens  are  always  laying  flat  like  plants  in  an  herba- 
rium. They  cover  the  surface  and  become  more  black  and 
more  bituminous  when  nearer  to  the  lavers  of  coal.  The 
reasoning  on  those  plants  by  Jussieu  is  very  ingenious.  In 
looking  for  their  origin,  he  says,  they  seem  to  represent  the 
vegetation  of  a  warm  climate,  and  he  is  disposed  to  admit 
the  opinion  of  Bernard  Paliss}^  that  they  were  brought  by 

*The  date  is  not  quoted.  Antoine  de  Jussieu  was  bom  in  1686 ;  died  in  1768. 
lAformatien  dela  houiile,  by  Saporta:    Revue  dee  deux  mondes.    1st  Deo. 
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water.  The  sen  has  covered  the  continents ;  the  currents 
have  carried  and  deposited  the  plants  and  the  shells  which 
are  now  found  petrified. 

In  1769,  Valmont  de  Bomarre  believed  that  the  coal  was 
of  vegetable  origin,  admitting  as  cause  the  burial  of  forests 
of  resinous  trees,  resulting  from  catastrophies  to  which  our 
globe  was  subjected. 

In  1778,  Buffon  says  that  coal  beds  have  originated  from 
the  first  plants  which  our  earth  has  produced.  Water  still 
tepid  covered  the  greatest  part  of  the  earth,  excepting  a 
few  low  lands,  which  were  first  inhabited  bv  an  immense 
amount  of  plants  and  trees,  of  which  the  debris  trans- 
planted to  divers  jplaces  have  formed  deposits  of  vegetable 
matter  at  distant  points. 

Beyond  the  information  obtained  from  subsequent  re- 
searches on  the  mode  of  proceedure  of  nature  in  procuring, 
heaping  and  preserving  the  materials,  science  now  says  no- 
^k  thing  more  but  what  the  old  botanists  have  asserted — coal 

strata  are  formed  by  remains  of  vegetables. 

Since  Buffon,  geologists  and  paleontologists  have  tried 
to  explain  more  fully  and  more  clearly  the  formation  of 
coal,  and  have  begun  of  course  the  study  of  the  plants 
found  in  connection  with  coal.  Blumenbach  and  Schlot- 
heim  in  Germany  first,  in  the  beginning  of  the  century  ; 
then  Sternberg  in  Germany  and  Brongniart  in  France, 
published  at  the  same  time,  1«20,  the  results  of  their  learn- 
ed researches ;  and  since  then  the  number  of  phytopa- 
leontologists  has  increased  in  Europe  and  America  ;  and 
from  their  works  we  know  that  the  Flora  of  the  Carbonifer- 
ous period  is  the  most  interesting  of  all  those  which  have 
appeared  upon  the  earth  during  the  different  epochs  or 
periods  of  time  which  successively  contributed  to  the 
formation  of  the  surface  of  our  globe  before  the  appearance 
of  man. 

It  would  be  a  useless  task  to  name  all  the  botanists  who 
have  given  their  time  to  the  study  of  the  coal  plants. 

The  number  of  private  collections,  of  public  institutions 
and  museums  where  specimens  of  coal  plants  are  now 
preserved  is  beyond  computation.    .All  the  students  of  this 
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splendid  flora,  without  exception,  acknowledge  that  the  coal 
has  evidently  been  formed  by  remains  qt  plants,  of  the  same 
kind  as  those  which  are  fonnd  especially  in  the  roof  shale 
of  the  coal  beds,  sometimes  also  in  the  clay  of  the  bottom, 
in  such  a  perfect  state  of  preservation  that  tlie  character  of 
the  ancient  vegetation,  the  names  of  its  species,  their  refer- 
ence to  families  and  genera,  have  been  studied  nearly  as  sat- 
isfactorily as  it  would  have  been  done  were  they  the  plants 
of  our  epoch. 

J^ij'st  Objection, — The  vegetable  remains  found  in  and 
upon  the  shale  of  coal  beds  do  not  prove  that  the  coal  itself 
is  a  compound  of  plants.  The  preserved  remains  may 
have  been  deposited  and  indeed  have  been  deposited  in  the. 
shale  after  the  formation  of  the  coal.  Therefore  leaves, 
branches,  fagments  of  plants  of  diverse  nature,  like  pieces 
of  bark,  etc.  found  now  in  connection  with  coal  beds,  may 
have  been  carried  by  atmospheric  disturbances,  storms, 
etc.  and  strewn  upon  layers  of  bituminous  matter,  like  the 
lakes  of  bitumen  observed  in  the  vicinity  of  some  volcanoes. 
The  plants,  therefore,  may  be  totally  foreign  to  the  com- 
position of  the  coal. 

Answer  1. — In  examining  seams  of  coal  covered  by 
shale  bearing  plants,  one  sees  that  the  roof  shales  become 
gradually  more  bituminous  in  approaching  the  line  of  con- 
nection with  the  coal ;  and  that  even  where  they  have  be- 
come quite  black,  or  half  shale  and  half  coal,  the  remains 
of  plants  are  still  recognized,  losing  their  forms  only 
when  the  matter  is  entirely  decomposed  or  reduced  to  hard 
coal.  But  even  then,  in  some  coal  beds,  the  thin  layers  of 
nearly  pellucid  very  hard  bituminous  matter  are  separated 
by  their  lamellae  of  charcoal,  evidently  woody  matter. 
Leaflets  of  ferns,  and  pieces  of  bark  with  their  peculiar 
leaf-sears,  are  often  printed  with  a  perfect  preservation  of 
their  forms  and  of  their  nervation,  easily  distinguishable 
with  the  eye. 

Answer  2. — In  some  coal  beds  of  cannel,  or  very  bitu- 
minous coal,  fragments  of  plants  of  divers  size,  trunks  of 
trees,  branches  of  ferns,  especially  small  seeds,  spores  ( the 
seeds  of  Ly copodiacese )  are  found,   sometimes  in  great 
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abundance.  Species  of  coal  in  England  have  been  found 
composed  of  spores  in  such  profusion  that  some  authors 
have  hazarded  the  opinion  that  coal  has  been  entirely 
formed  of  spores.  In  the  cannel  coal,  the  most  compact  coal 
of  which  the  matter  has  been  so  thorouglily  decomposed 
that  the  fracture  of  tlie  substance  is  as  smooth  as  that  of 
black  marble,  for  example  in  the  Breckenridi^e  coal  of  Ken- 
tucky, one  finds  large  stems,  stigmaria^  Itpldodeadron^  etc, 
whose  forms  are  perfectly  preserved  as  sulphide  of  iron  or 
pyrites.  At  Cannelton,  the  bed  of  coal,  also  cannel,  rests 
upon  a  layer  of  less  thoroughly  decomi)osed  matter,  but 
still  coal,  wherefrom  the  remains  of  250  species  of  plants 
have  been  obtained  and  described. 

Objection  continued, — But,  the  objector  may  say,  bitumen 
either  deposited  by  and  from  the  atmosphere  or  by  the 
eruption  of  volcanoes  may  have  been  distributed  upon 
forests  or  upon  land  covered  with  a  varied  vegetation ;  and 
of  course  the  remains  of  plants  might  thus  be  found  at 
the  base  of  the  bituminous  deposits;  or,  pieces  of  wood, 
branches,  trunks,  large  fragments  of  bark,  may  have  been 
thrown  from  the  borders  during  the  process  of  accumula- 
tion of  the  matter  without  having  contributed  in  any  es- 
sential manner  to  the  composition  of  the  combustible. 
And,  from  this  objection,  we  may  estimate  what  a  high  de- 
gree of  imaginative  power  it  would  be  necessary  to  exercise ; 
what  a  number  of  hypotheses,  it  would  be  necessary  to  put 
forward  to  explain  the  composition  of  coal  merely  as  bitu- 
men ;  that  is,  for  setting  aside  the  evidence  offered  by  the 
fossil  remains  of  plants  visibly  and  distinctly  preserved 
above,  below  and  within  the  coal.  How  much  farther  will 
the  hypothetic  mind  have  to  go  in  order  to  explain  most 
of  the  other  features  of  the  coal  beds,  their  distribution, 
their  stratification,  tlieir  geological  affinities,  etc  ? 

Answer  3. — Now  we  have  for  answering  the  jireceding 
objection  a  kind  of  evidence  concerning  the  true  nature  of 
coal  to  which  it  seems  that  no  contradiction  can  be  reason- 
ably offered.  By  the  work  of  the  lapidary  it  is  possible  to 
obtain  lamella*  of  coal  thin  enough  to  be  rendered  nearly 
translucent.    On  subjecting  these  thin  lamellae  to  the  micro- 
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scoj)e,  one  may  easily  see  the  matter  of  the  coal  to  be  com- 
posed of  mere  fragments  of  vegetables,  though  they  may  be 
deformed  by  compression  and  decomposition.  Researches 
of  ^his  kind  have  been  for  some  time  actively  pursued,  and 
have  proved  that  a  piece  of  coal  taken  from  any  part  of  a 
foal  seam,  either  in  vertical  or  horizontal  direction,  is  en- 
tirely made  up  of  very  small  fragments  of  plants  mixed  of 
course  with  an  amount  of  bitumen  such  as  necessarily, re- 
sults from  the  decomposition  of  plants.  Researches  on  this 
subject  have  been  pursued  in  Germany  by  Gumbel  * ;  in 
France  by  Renaultf;  in  England  by  Williamson,  :f  Car- 
ruther,  Wethered:}:;  in  Switzerland  by  Friih§;  in  North 
America  by  Dawson.  All  have  arrived  at  the  same  conclu- 
sion, that  the  coal  is  entirely  composed  of  vegetable  remains. 
The  more  recent  researches  of  Prof.  Wethered  of  London 
Ijave  been  upon  pieces  of  coal  taken  at  various  heights  in 
vertical  sections  of  coal  beds  and  also  at  different  horizontal 
distances.  From  these  specimens,  thus  selected  in  series, 
slices  have  been  j)repared  for  microscopic  examination  and 
the  results  have  been  published  with  figures.  In  order  to 
show  the  mode  of  procedure  and  the  value  of  the  researches 
I  quote  one  of  the  sections. 

Section  of  the  Four-feet  seam.     Colliery  near  Ponty- 
pridd, South  Wales  : 

Description.  Structure. 

Coal.(topbod)brittle,  bright  luster,  2'  0"  \  Ca'-bonized  vegetable  tl«ue  with 

'^    *^        ^            *       *  '  i      a  little  hydrocarbon. 

Argillaoeoua  parting, 1'  0"     Miniature under-olay.  Stigmaria, 

Coal,  (middle  bed)  medium  luster,  4'  6"  \  ^'^hly  carbonized  vegetable  tis- 

f      sue. 

ArgiUaoeous  parting, 0'  5"      Miniature  under-clay. 

Well-preserved  scalariform  tia- 
«U0,  close  under  the  parting; 
and  beneath,  spores  and  spore 
eases,  with  other  vegetable  sub- 
stances. 


Coal,  (lower  bed,) 2'  0"  - 


*  Breitrftge  zur  Kentniss  der  Textur  verhaltnisse  der  Mineral  Kohlen,  Mu- 
nich, 1883. 

t  Notes  pour  servir  a  I'histoire  de  la  formation  de  ia  liouille  (in  four  sepa- 
rate pamphleis).    Comptes  rendus  1883. 

X  On  the  structure  and  origin  of  carboniferous  coal  seams.  Proc.  Geol.  Soc. 
London,  May,  1885. 

§  Ueber  Torf  und  Dopplerit,  Zurich,  1888. 
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In  other  sections  tlie  composition  varies.  Thus,  in  the 
splint  coal  seam,  Whitehill  colliery,  near  Edinburg,  the 
author  finds  in  the  upper  part  (1'  10''  thick)  a  mass  of  mac- 
rospores,  microspores  and  fragments  of  spore  cases.  In 
the  rough  coal  below  it  measuring  0'  10'',  he  finds  in  the 
bright  layers  hydrocarbon  with  a  few  spores  and,  in  the 
dull  layers  spores  of  different  variety  to  those  in  the  splint 
coal  above.  In  the  lower  splint  (0'  4")  showing  dull  and 
bright  layers  he  finds  in  the  dull  layers  a  mass  of  macros- 
pores  and  microspores,  while  the  bright  layers  are  made  up 
of  hydrocarbon  without  spores. 

It  cannot  be  said  against  these  revelations  of  structure 
made  by  the  microscope  that  the  so-called  carbonized  vege- 
table tissues  may  not  be  plants  ;  for  the  celebrated  anato- 
mist Renault,  of  the  Museum  of  Paris,  remarks,  as  others 
have  noticed  before  him,  that  in  a  great  number  of  cases, 
the  remains  of  the  plants  which  compose  the  coal,  although 
deformed  by  maceration,  still  show  recognizable  organic 
structures,  and  may  be  identified  a^  plnnts  of  the  same  spe- 
cies as  those  which  are  found  in  fragments  silicified,  or  in 
the  roof  shale,  where  they  have  been  protected  against  de- 
formation by  being  embedded  in  clay,  iron,  sand,  etc. 

The  thin  layers  of  hydrocarbon  are  produced  of  course 
by  the  decomposition  of  the  vegetable  tissue  and  by  com- 
pression. They  are  rarely  pure  but  generally  mixed  with 
spores  or  pieces  of  cellular  tissue,  isolated  cells,  etc. 

To  the  evidence  thus  obtained  directly  by  the  eyesight  of 
observers  may  be  added  the  no  less  direct  evidence  of  chem- 
ical analysis.  The  proportion  of  ashes  remaining  after 
combustion  of  coal  is  on  an  average  the  same  as  that  of 
various  species  of  wood.  If  there  is  a  little  surplus  in  the 
proportion  it  is  easily  accounted  for,  as  caused  by  the  in- 
troduction into  the  original  mass  of  that  dust  of  mineral 
matter  reduced  to  powder  always  carried  by  the  wind. 

And,  in  regard  to  the  constituents  of  the  coal,  chemistry 
acknowledges  that  they  must  positively  be  a  result  of  the 
slow,  gradual  and  long-continued  decomposition  of  vege- 
table matter,  protected  from  the  free  access  of  the  air  and 
its  burning  element,  oxygen. 
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The  process  of  this  peculiar  decomposition  has  \y^A^\\  fol- 
lowed from  its  beginning  in  peat,  to  its  first  more  ad-riticed 
stages  in  the  lignite  of  the  glacial  era;  in  which  latter  form 
the  branches  and  trunks  of  trees  have  already  become'^ojCt- 
ened  to  the  cons'stance  of  soap  without  losing  their  coIgk''; 
then,  to  the  next  stage  of  raiocene  lignite,  in  which  the 
w^ood,  still  soft,  is  already  quite  black ;  then,  to  that  of  lowei; 
tertiary  or  upper  cretaceous  coal,  where  the  vegetable  mat-' 
ter  is  hard  and  compact  like  coal,  but  easily  disaggregated 
by  atmospheric  action  ;  then,  to  coal  of  the  carboniferous 
period ;  and  finally,  to  the  condition  of  anthracite.  The 
whole  series  forms  an  unbroken  chain  of  successive  modifi- 
cations, which  notonl  vcan  be  but  has  been  carefully  studied, 
and  recorded  as  one  of  the  most  interesting  pages  of  the 
secret  work  of  nature. 

But  granting  that  the  composition  of  coal  is  purely  vege- 
table the  problem  of  its  formation  is  not  yet  fully  solved. 
Objectors  have  proposed  a  number  of  questions  which  have 
to  be  considered,  in  order  that  the  procedure  be  fully  un- 
derstood. 

1st.  How  is  it  possible  thac  plants,  even  woody  plants  or 
trees,  could  have  been  heaped  by  natui-al  agency  in  such  a 
way  that  the  original  material  could  have  produced,  after 
decomposition  and  compression,  beds  of  coal  from  4  to  25 
feet  or  even  more  in  thickness  ?  . 

To  answer  this  most  important  query  some  have  supposed 
that  forests  have  been  prostrated  by  some  catoclysm,  and 
being  afterward  covered  by  the  sea  the  wood  has  been  grad- 
ually transformed  into  coal. 

But  a  whole  forest,  however  dense,  could  not  possibly 
produce  after  transformation  to  coal  a  layer  more  than  a  few 
inches  thick. 

2d.  Others  have  supposed  that  the  woody  material  of 
vegetation  growing  along  the  borders  of  great  rivers  has 
been  carried  by  water  for  long  years,  deposited  near  the 
mouth  of  the  rivers,  there  heaped  together,  then  covered 
by  mud  and  sand,  and  buried  for  future  decomposition  and 
transformntion  into  coal. 

But  this  mode  of  procedure  is  contradicted  by  the  pur- 
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ity  of  che'  matter  comx)osing  coal.  In  such  an  operation  the 
vegeLhiffon  would  be  mixed  with  foreign  elements,  mud, 
sand^  etc.  Beds  of  lit^^nite  have  indeed  been  formed  in  the 
Heflr river  and  in  some  of  the  affluents  of  the  Mississippi 
i^faT  its  mouth  ;  but  lignite  of  this  kind  is  always  a  combus- 
tible of  little  value  ;  its  proportion  of  ash  being  50  per  cent. 
..or  more. 

•"  3d.  The  celebrated  German  chemist  Bishoflf  supposed 
that  the  materials  carried  by  currents  into  the  sea  were 
gradually  deposited  according  to  their  weight  ;  first,  the 
heavy  sandy  parts ;  then  the  finer  mud  above  it,  this  form- 
ing the  under  clay  of  a  coal  bed ;  afterward  the  heaviest 
portion  of  the  woody  matter ;  and  finally,  the  lightest  por- 
tion, by  itself,  to  form  the  top  or  upper  coal.  But  this  hy- 
pothesis, ingenious  as  it  may  appear,  does  not  account  for 
anything  we  know  of  the  structure  of  a  coal  bed,  the  com- 
position of  which  in  a  general  way  is  the  same  throughout. 
While  the  stratification  in  horizontal  layers  is  perfectly  dis- 
tinct, there  is  no  succession  of  various  kinds  of  deposits, 
such  as  would  of  coui'se  have  taken  place  had  the  bed  been 
produced  by  the  translaation  of  mixed  materials  from  land 
surfaces  into  the  sea. 

4th.  The  French  naturalist  Grand  'Eury  has  lately  pro- 
posed a  new  hypothesis  for  the  process  of  accumulation  of 
woody  materials  in  the  formation  of  a  coal  seam.  He  sup- 
poses that  there  were  at  the  carboniferous  period  shallow 
lakes  or  ponds  surrounded  by  great  forests  of  very  luxu- 
rious vegetation  and  that  the  debris  of  these  forests,  small 
branches,  leaves,  especially  the  bark  of  trees,  already  half 
decomposed  or  dried  by  atmospheric  action,  were  swept  by 
heavy  rains  into  these  low  grounds  ;  where,  being  gradually 
heaped  together,  they  contributed  an  amount  of  woody 
matter  sufficient  for  making  a  coal  bed.  These  materials, 
being  covered  by  foreign  deposits  in  the  sea  were  gradually 
transformed  into  coal  by  the  chemical  process  of  slow  com- 
bustion. 

Such  an  hyj)otliesis  could  scarcely  be  worth  considering, 
even  if  the  coal  strata  were  all  confined  to  basins  of  very 
small  extent,  say  one  or  two  square  miles,  or  less.     For, 
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those  wlio  have  observed  the  process  of  decay  in  the  thick- 
est parts  of  our  woods  know  well  enough  that  the  greatest 
amount  of  rain  effects  no  such  displacement  of  the  decay- 
ing fragments  of  vegetation,  but  on  the  contrary  serves 
only  to  compress  them,  and  make  them  adhere  more  close- 
ly to  the  ground.  Currents  only  are  able  to  carry  the 
debris  out  of  the  forest ;  but  currents  do  not  carry  off 
merely  the  woody  fragments,  but  the  earthy  matter,  mud, 
sand  and  gravel  also.  But,  even  supposing  the  most 
favorable  circumstances  for  such  displacement  of  woody 
materials  and  for  their  successive  accumulation  in  shallow 
basins,  how  would  this  account  for  the  accumulation  of 
vegetable  matter  with  a  uniform  thickness  over  such  ex- 
tensive areas  as  those  now  occupied  by  some  of  the  coal 
beds  of  North  America,  the  Pittsburgh  coal  bed  for  ex- 
ample, which  spreads  without  interruption  through  many 
thousand  square  miles  of  country  ? 

5th.  The  Vail  hypothesis  imagines  that  coal  was  merely 
a  local  accumulation  of  bitumen  derived  either  from  the 
earth  by  volcanic  action,  or  gradually  condensed  from  a 
fancied  bituminous  atmosphere,  encircling  our  planet,  like 
the  rings  of  Saturn. 

Bitumen  has  indeed  issued  from  the  earth  and  has  been 
mined,  under  the  name  of  albertite,  &c,  but  not  in  hori- 
zontal strata,  but  in  more  or  less  irregular  and  more  or  less 
vertical  veins  in  no  respect  resembling  coal  beds.  And 
the  evidence  is  conclusive  that  its  origin  is  to  be  ascribed 
to  cmttiowsof  petroleum,  through  open  tissures,  which  was 
afterwards  transformed  into  a  hard  black  compact,  more 
or  less  translucent  substance,  highly  prized  in  the  manu- 
facture of  gas,  very  rich  in  volatile  hydrocarbons,  flaming 
and  smoking  freelj%  but  not  at  all  resembling  ordinary  gas 
coal,  being  pure  bitumen  and  without  a  trace  of  vegetable 
fiber  to  be  detected  in  it. 

This  absence  of  vegetable  remains  is  also  quite  enough 
to  disprove  any  theory  which  would  derive  the  bitumen  of 
a  coal  bed  from  a  bituminous  atmosphere,  even  if  it  were 
possible  to  admit  such  an  idea  in  the  absence  of  all  evi- 
dence. 
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6rh.  The  last  hypotliesis  worth  mentioning  on  the 
subject  is  that  of  the  formation  of  coal  by  the  accumula- 
tion of  marine  plants  whose  vegetation  is  sometimes  prodi- 
gious. Everybody  knows  something  about  the  great  float- 
ing fields  of  sargnssitm^  which  cover  immense  areas  of  the 
surface  of  the  Atlantic  ocean,  and  are  in  places  thick 
enough  to  impede  navigation.  This  theory  admits  that 
the  coal  has  been  formed  of  vegetable  remains  only ;  but 
it  leaves  out  of  view  that  the  plants  which  compose  coal 
are  woody  or  fibrous  ;  whereas,  marine  vegetables  have  no 
fiber,  no  wood,  being  merely  cellular  tissue.  Moreover, 
their  decomposition  is  rapid,  as  well  when  protected 
against  the  oxygen  of  the  air,  as  when  fully  exposed  to  it. 
Thev  are  soon  transformed  into  a  fluid  black  matter  which 
I)eneti'ates  the  sand  along  the  shore.  They  may  have 
produced  the  oil  and  gas  deposits,  but  could  not  have 
produced  coal. 

The  celebrated  German  i)hysicist  Dr.  Otto  Kuntze,  re- 
cognizing the  unsoundness  of  the  last  hj'pothesis,  knowing 
at  the  same  time  the  extraordinary  luxuriance  of  the 
marine  vegetation,  and  feeling  the  necessity  to  account  for 
its  purpose  and  its  development  in  the  plan  of  nature,  has 
ingeniously  modihed  the  theory  so  as  to  render  it  less 
objectionable. 

He  supposes  that  on  the  debris  of  a  very  active  floating 
marine  vegetation,  whose  surface  had  become  gradually 
solid  enough  to  support  aerial  plants,  a  different  kind  of 
vegetation  gradually  established  itself.  First  aquatic  plants 
which,  living  partly  immersed  in  water,  partly  exposed  to 
the  atmosphere,  and  therefore  composed  of  woody  tissue, 
appeared  upon  this  still  floating  substratum.  Then  came 
large  floating  stems,  the  stigmaria,  rendering  the  ground 
more  solid.  Then  shrubs  and  large  ferns  grew  up ;  and 
then  trees  of  different  kinds.  These  growths  accumulated 
after  a  while,  formed  a  mass  so  heavy  that  it  gradually  sank 
lower  and  lower  into  the  sea,  but  so  slowly  that  the  vegeta- 
tion still  continued  at  the  surface  of  the  water,  supported  on 
successive  layers  of  dead  material,  until  the  whole  stratum 
descended  to  the  bottom  of  the  sea, to  be  there  covered  over 
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by  aqueous  sediments  and  transformed  into  coal  by  the 
slow  process  of  combustion.  At  first  sight,  this  hypotliesis 
is  attractive,  for  it  accounts  for  some  things  in  the  struc- 
ture of  the  coal ;  as,  for  example,  that  gradual  sinking  of 
the  woody  materials  which  the  succession  of  the  coal  meas- 
ures proves  to  have  taken  ])lace :  the  immediate  superpo- 
sition of  a  bed  of  limestone  upon  a  coal  bed,  in  some  places, 
etc. 

The  theory  has  however  one  marked  deficiency;  for  it 
fails  to  give  any  explanation  of  a  most  important  point, 
viz:  the  formation  of  the  clay-beds  which  generally,  if  not 
always,  serve  as  bottoms  or  supports  to  the  coal-beds. 
Moreover,  it  does  not  account  for  the  origination  of  land 
plants  on  the  surface  of  a  marine  vegetation  floating  in  the 
middle  of  an  ocean.  Nor  does  it  give  any  explanati(m  for 
the  universal  conformability  of  the  coal-beds  to  the  inter- 
mediate strata,  etc.  It  is  therefore  nothing  more  than  a 
fanciful  hypothesis;  but,  as  it  is  the  most  rational  of  all 
those  which  have  been  proposed,  it  makes  it  clear  that  to 
come  to  an  understanding  of  coal,  we  must  cease  to  indulge 
the  hypothetical  mood,  and  ask  from  nature  herself  an  ex- 
planation of  her  proceedings. 

Everybody  knows  something,  at  least  from  hearsay,  about 
what  is  called  the  peal  hogtheory.     But  what  is  a  peat  bog  ? 

In  this  country  where  peat  deposits  are  comparatively 
scarce,  and  are  mostlv  covered  bv  meadows  or  forests,  and 
where,  if  they  are  not  wholly  unknown  to  naturalists,  they 
have  never  been  explored  except  by  persons  who  were  in- 
terested merely  in  their  money  value  as  fuel,  it  will  be 
worth  while  to  describe  their  formation  with  some  detail. 
The  definition  of  a  bed  of  peat  is  the  same  as  that  of  a  bed 
of  coal.  It  is  an  accumulation  of  remains  of  plants  grown 
in  situ,  whose  remains,  deposited  each  year,  or  after  the 
cycle  of  their  vegetation  is  completed,are  superposed  with- 
out interruption,  one  layer  upon  another,  until  the  accu- 
mulation becomes  sometimes  of  great  thickness,  and  cov- 
ering a  wide  surface  of  land.  Lest  this  definition  be  taken 
as  a  mere  assertion,  and  to  make  it  worthy  of  belief,  it  is 
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necessary  to  explain  the  process  of  peat  growth^  and  ex- 
hibit its  more  important  phases  and  results. 

Two  conditions  are  necessary  for  the  origin  and  growth 
of  peat,  water  either  stagnant  in  basins,  lakes,  pools,  etc., 
or  water  abundantly  supplied  by  a  boggy  atmosphere,  in- 
creased by  dense  forest  growth. 

Pools  of  stagnant  water  when  not  exposed  to  periodical 
drying  up,  are  invaded  by  a  peculiar  vegetation,  first  mostly 
composed  of  confervcB^  simple  thread-like  plants,  of  various 
color  and  of  prodigious  activity  of  growth,  mixed  with  a 
mass  of  infusoria,  animalcules  and  microscopic  plants, 
which,  partly  decomposed,  partly  continuing  the  floating 
vegetation,  soon  fill  the  basins  and  cover  the  bottom  with  a 
floating  of  claj'^-like  mould.  So  rapid  is  the  work  of  these 
minute  beings,  that  in  some  cases  from  six  to  ten  inches  of 
this  mud  is  deposited  in  one  year.  Some  artificial  basins 
in  the  large  ornamental  parks  of  Europe  have  to  be  cleaned 
of  such  muddy  de|)Osits  of  floating  plants,  mixed  with 
small  shells,  every  three  or  four  years. 

When  left  undisturbed  this  mud  becomes  gradually  thick 
and  solid  ;  in  some  cases,  of  great  thickness ;  affording  a 
kind  of  soil  for  the  growth  of  marsh  plants,  which  root  at 
the  bottom  of  the  basins  or  swamps  and  send  up  their  stems 
and  leaves  to  the  surface  of  the  water  or  above  it ;  where 
their  substance  becomes  in  the  sunshine  hard  and  woody. 

As  these  plants  periodically  decay,  their  remains  of  course 
drop  to  the  bottom  of  the  water  ;  and  each  year  the  process 
is  repeated,  with  a  more  or  less  marked  variation  in  the 
species  of  the  plants.  After  a  time  the  basins  become  filled 
by  these  successive  accumulations  of  years  or  even  centuries, 
and  then  the  top  surface  of  the  decayed  matter,  being  ex- 
posed to  atmospheric  action,  is  transformed  into  humus 
and  is  gradually  covered  by  other  kinds  of  plants,  making 
meadows  and  forests. 

In  this  way  many  deposits  of  peat  are  buried  under  ground 
and  remain  unknown  until  discovered  by  diggings  or  bor- 
ings. Such  are  the  immense  peat  deposits  in  the  great 
swamps  of  Virginia,  the  Dismal  swamps,  and  all  along  the 
shores  of  the  Atlantic  from  Norfolk  to  New  Orleans. 
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In  other  cases  when  basins  of  stagnant  water*  are  too 
deep  for  the  vegetation  of  aquatic  plants,  nature  attains 
the  same  result  by  a  different  special  process,  namely,  by 
tlie  prolonged  vegetation  of  certain  kinds  of  floating  mosses, 
especially  the  species  known  as  sphagna,  Tliese  floating 
masses  grow  with  prodigious  speed,  and  expanding  their 
branches  in  every  direction  over  the  surface  of  ponds  or 
small  lakes,  soon  cover  it  entirely.  They  thus  form  a  thin 
floating  carpet,  which  as  it  gradually  increases  in  thickness 
serves  as  a  solid  soil  for  another  kind  of  vegetation,  that  of 
the  rushes,  the  sedges,  and  some  kinds  of  grasses,  which 
grow  abundantly  mixed  with  the  mosses,  which  by  their 
water- absorbing  structure  furnish  a  persistent  humidity  suf- 
ficient for  the  preservation  of  their  remains  against  aerial 
decay.  The  floating  carpet  of  moss  becomes  still  more  solid, 
and  is  then  ovei'spread  b^'  many  species  of  larger  swamp 
plants,  and  small  arborescent  shrubs,  especially  those  of  the 
heath  family  ;  and  so,  in  the  lapse  of  years  by  thecontinual 
vegetation  of  the  mosses,  which  is  never  interrupted,  and  by 
the  yearly  deposits  of  plant  remains,  the  carpet  at  last  be- 
comes strong  enough  to  support  trees,  and  is  changed  into 
2iJloatlng  forest^  until,  becoming  too  heavy,  it  either  breaks 
and  sinks  suddenly  to  the  bottom  of  the  basin,  or  is  slowly 
and  gradually  lowered  into  it  and  covered  with  water. 

That  the  breaking  down  of  the  surface  vegetation  of 
lakes  is  not  a  fanciful  but  a  real  explanation  of  the  deep 
peat  deposits  of  Denmark,  is  proved  by  a  remarkable  ad- 
venture of  the  people  of  the  Jura  mountains  in  Switzer- 
land, where  a  pejit-bog  forest  once  sank  suddenly,  and  now 
lies  at  the  bottom  of  a  lake  over  which  a  fresh  carpet  of 
l>eat  has  since  then  grown.  Lac  d'Etaillftres,  six  or  seven 
miles  from  Fleurier  in  the  Val  des  Fonts,  is  a  piece  of  open 
water  in  one  of  the  extensive  series  of  peat-bogs  stretching 
along  the  parallel  valley  of  the  Br^vine,  where  I  spent  many 
days  and  nights  studying  the  various  phenomena  of  the  for- 

*Tbis  word  should  not  be  understood  as  water  absolutely  destitute  of  all 
movement,  either  by  access  or  egress ;  but  merely  water  not  exposed  to  sweep- 
ing currents  or  great  change  of  level.  No  peat  can  grow  where  the  bottom  of 
the  basin  is  occasionally  dry  and  exposed  to  the  action  of  the  atmosphere. 
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mation  and  ^owtli  of  the  peat.  Previous  to  the  year  1500, 
A.  D,  a  forest  occupied  the  site  of  the  present  lake  and  cov- 
ered the  flat  floor  of  the  valley.  There  is  a  legend  that,  one 
evening  in  that  year,  the  people  of  the  neighboring  farms 
saw  their  cattle  come  galloping  with  tails  erect  out  of  the 
forest  homewards,  as  if  in  a  great  fright,  while  the  air  was 
filled  with  a  noise  of  the  tumultuous  crashing  of  trees.  By 
morning  the  forest  had  disappeared  and  in  its  place  lay  two 
beautiful  small  lakes.  The  lakes  are  there  still,  and  when 
the  weather  is  clear  one  may  see  the  trees  lying  prostrate 
at  the  bottom  of  the  water  ;  but  sphagna  and  other  kinds  of 
floating  mosses  are  growing  around  the  banks  and  spread- 
ing over  the  surface  of  the  lakes,  which  have  already  be- 
come partly  covered  with  their  carpet. 

The  operation  is  nevertheless  not  yet  complete,  at  least 
not  always  ;  for.  after  the  sinking  of  the  first  floating  car- 
pet, the  vegetation  of  the  mosses  may  begin  again  at  the 
clear  surface  of  the  water,  and.  in  the  course  of  years  or 
centuries — no  matter  how  many,  for  nature  is  never  in  a 
hurry — a  new  carpet  covers  the  basin,  another  cycle  of  veg- 
etation begins  and  continues  its  course,  until  this  second 
mass  of  vegetation,  like  the  first,  is  pressed  down  under 
water. 

Thus  we  have  two  superposed  beds  of  vegetable  remains 
in  process  of  slow  decomposition,  or  subjected  to  the  begin- 
ning of  the  transformation  into  coal.  And  both  the  layers 
are  composed  in  the  same  waj',  the  lower  part  being  amass 
of  the  remains  of  small  vegetation,  mosses,  water  plants, 
etc.,  the  upper  part  covered  with  trees  ;  that  is,  two  beds 
of  peat  and  two  forests. 

This  exposition  has  no  hypothetical  character  whatever  ; 
it  is  merely  a  description  of  observed  facts.  In  the  southern 
part  of  the  United  States  the  results  of  the  process  are  dif- 
ferently exhibited.  The  bottom  of  Drummond  Lake,  of 
the  Dismal  Swamp,  for  example,  is  formed  of  a  forest, 
once  growing  at  the  surface,  but  now  prostnite  and  buried 
beneath  15  or  20  feet  of  water.  Beneath  it  probably  lies  a 
deposit  of  the  detritus  of  plants,  or  a  bed  of  peat;  while 
the  moss  vegetation  is  now  advancing  into  the  lake  from  all 
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around  its  edge ;  so  that  it  is  not  possible  to  reach  the  oi)en 
water  without  sinking  deeply  at  every  .step  into  the  floating 
carpet. 

In  New  Jersey,  near  the  sea  shore,  very  large  tree  trunks 
are  dug  out  from  beneath  a  covering  matter,  muddy  peat, 
from  10  to  20  feet  thick. 

Around  New  Orleans  borings  for  water  have  traversed,  at 
various  depths,  a  succession  of  beds  of  peat  and  forest,  sep- 
arated by  deposits  of  sand. 

In  northern  counties  where  a  colder  climate  is  particularly 
favorable  to  the  growth  of  the  mosses,  the  process  is  still 
more  plainly  exhibited,  either  as  a  work  completed  in  the 
past,  or  still  actively  carried  on  and  open  to  observation  of 
the  present  genei-ation. 

During  a  protracted  tour  of  exploration  of  the  peat  de- 
posits of  Northern  Europe,  in  1845,  I  made  important  ob- 
servations on  the  peat  bogs,  and  I  cannot  do  better  than 
translate  from  my  records,  published  in  the  Revue  Suisse, 
an  account  of  the  disposition  of  the  materials  composing  a 
bed  of  peat  which,  when  I  visited  it  in  Denmark,  was  regu- 
larly mined  for  its  fuel,  the  basin  being  drained  by  hy- 
draulic machines. 

In  Sweden  and  Denmark  peat  deposits,  rarely  of  wide 
extent,  but  sometimes  very  deep,  are  of  frequent  occurrence. 
The  soil  is  undulating  and  diversified  with  a  great  number 
of  large  ponds,  or  small  lakes,  which  have  been  filled  by  a 
growth  of  peat  as  described  above. 

Between  Hirsholm  and  Waldmarsland,  along  a  direct 
line  of  9  miles,  I  examined  forty  peat-bogs,  isolated,  or 
connected  bv  runlets  of  water.  At  Waldmarsland,  near 
Copenhagen,  I  had  the  opportunity  of  examining  the  sep- 
arate layers  and  the  composition  of  one  of  these  peat  de- 
posits ;  which  in  that  country  axe  considered  mines  of  wood. 

At  the  bottom,  that  is  at  the  lowest  level  reached  by  the 
drainage,  lay  4  feet  of  black  compact  peat ;  and  over  it  a 
stratum  of  prostrated  trees  {pines^)  most  of  them  laid  in 
the  direction  of  the  slope  of  the  basin,  the  tops  of  the  trees 
pointing  toward  the  center.  The  trunks  of  a  large  number 
of  these  trees  measured  from  6  to  10  inches  in  diameter. 
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They  still  kept  their  branches,  embedded  in  a  mass  of  leaves 
and  cones,  and  even  mushrooms.  According  to  the  proprie- 
tor of  the  mine,  this  lower  stratum  of  peat  and  prostrated 
forest  had  a  total  thickness  of  8  feet. 

It  was  overlaid  by  a  bed  of  black  peat  4  feet  thick,  covered 
in  its  turn,  like  the  other,  by  a  bed  of  prostrated  trees 
{birches^  Betula  alba)  3  feet  thick. 

Above  that  again  was  a  third  bed  of  peat,  6  feet  thick, 
less  compact  than  the  two  beneath  it,  and  of  a  j'^ellowish 
color,  but  covered  in  the  same  manner  by  a  stratum  of  large 
trunks  of  oaks^  some  of  them  2  and  3  feet  in  diameter,  their 
wood  being  still  in  so  perfectly  sound  a  state  of  jjreserva- 
tion  that  they  could  be  cut  and  sawed  for  timber. 

Over  the  oaks  there  was  a  fourtli  bed  of  fibrous  vellow 
peat,  3  feet  8  inches  thick,  made  up  mostly  of  mosses  not 
yet  fully  decomposed. 

The  total  thickness  of  these  deposits,  so  far  as  mining 
operations  exposed  it,  was  30  feet ;  but  the  proprietor,  one 
of  the  best  informed  land  owners  of  the  country,  informed 
me  that  both  his  own  deposit  and  others  in  that  region 
were  known  to  be  at  least  twice  as  deep,  but  were  never 
worl^ed  to  the  verv  bottom  on  account  of  the  difficultv  and 
cost  of  draining  them. 

In  going  from  Malino  to  Lund,  I  wished  to  know  posi- 
tively if,  as  it  had  been  many  times  asserted,  there  was  any 
real  danger  in  trying  to  cross  one  of  those  peat-bogs  still  in 
process  of  growth.  Cautiously  advancing  over  a  perfectly 
horizontal  plain  covered  with  mosses  I  was  not  more  than 
twenty  paces  from  its  border  when  the  soil  seemed  at  once 
to  divide  under  my  feet,  and  beginning  to  sink  into  it  far 
more  rapidly  than  I  thought  safe,  I  laid  myself  down  and 
was  helped  out  of  the  situation  by  my  guide's  whip,  which 
he  extended  to  me.  Everywhere  in  Denmark  and  Sweden, 
especially  in  Scania,  they  relate  thrilling  tales  of  fatal  ac- 
cidents upon  the  swamps.  There  are  numerous  popular 
legends  of  the  disappearance  of  people  who,  through  care- 
lessness, or  wandering,  lost  in  the  night,  have  entered  these 
deceptive  bogs  and  never  been  seen  again.     It  is  even  as- 
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serted  that  in  old  times  criminals  were  condemned  to  cross 
them  as  a  death  penalty. 

However  this  may  be,  the  peat  bogs  of  those  countries 
are  full  of  remains  of  various  kinds :  skeletons  of  men,  and 
of  many  species  of  animals,  especially  of  mammalia,  and 
even  of  the  aurochs  ;  and  relics  of  ancient  unknown  races 
of  men,  implements  of  stone,  of  copper  and  of  iron.  The 
museums  of  Copenhagen,  Lund,  and  Stockholm  contain  a 
prodigious  quantity  of  these  remains. 

The  water  necessary  for  the  growth  of  the  plants  which 
compose  peat,  and  for  the  preservation  of  the  vegetable  re- 
mains against  ra|)id  decomposition,  is  not  always  in  the 
shape  of  standing  water,  ponds  or  lakes.  An  ordinary 
spring  of  water  will  answer  the  pui-pose.  Or,  as  has  been 
said  above,  the  moisture  of  the  air  may  suffice.  In  the 
first  case  the  operation  depends  upon  the  nature  of  a 
sj)ecial  kind  of  moss,  called  sphagmtm^  already  mention- 
ed, which  has  a  very  peculiar  conformation  and  in  reality 
IS  not  a  true  moss,  but  constitutes  a  sej^arate  famih^  of 
plants  not  properly  related  to  any  other  kind.  From  the 
seeds,  when  developed  in  water,  the  stems  expand  loosely 
in  every  direction,  in  floating  tufts,  which  grow  continual- 
ly wider  and  thicker  until  the  basin  is  entirely  filled  b^'^ 
their  vegetation. 

In  the  other  case,  upon  land  surfaces,  where  but  little 
water  is  at  hand  for  their  original  development,  they 
grow  in  compact  tufts  ( the  stems  not  thicker  than  coarse 
thread)  compressed  upon  each  other;  their  branches  and 
leaves  being  endowed  with  the  peculiar  property  of  absorb- 
ing tnoisture  by  their  outer  tissue  and  imbibing  it  like  a 
sponge.  In  this  way  they  obtain  suflScient  moisture  to 
sustain  their  growth.  But  under  certain  circumstjtnces, 
when  the  atmosphere,  itself  containing  less  moisture  than 
the  mosses  hold  in  their  tissue,  they  have  the  faculty  of 
absorbing  water  by  their  stems  and  leaves  from  below,  tak- 
ing it  up  to  the  surface  of  their  leaves,  where  it  is  evaporat- 
ed into  the  atmosphere. 

The  growth  of  these  mosses  is  not  limited  to  seasons. 
Although  its  activity  in  freezing  weather  stops  for  a  time, 
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it  is  I'esumed  as  soon  as  the  teniperatiire  rises  above  32^; 
and,  as  these  mosses  are  constantly  filled  with  water  in 
such  a  degree  that  it  can  be  squeezed  from  a  tuft  as  it  can 
be  squeezed  from  a  soaked  sponge,  they  furnish  the  best 
kind  of  ground  for  the  germination  and  growth  of  a  large 
number  of  aquatic  and  other  plants;  which  in  fact  ger- 
minate in  these  humected  tufts  of  moss  quite  as  well  as 
they  could  do  upon  wet  ground.  These  mosses,  therefore, 
covering  as  they  often  do  very  wide  areas,  play  the  same 
part  upon  land  surfaces  as  they  do  upon  the  water  basins 
over  which  they  float ;  the  only  difference  being  that  on 
land  surfaces  their  substance  is  far  more  compact. 

Each  year  the  peat  bogs  on  land  grow  higher  and  higher, 
not  merely  by  the  yearly  additions  to  the  surface  of  the 
moss  of  sphagnum  ( and  other  plants  mixed  with  it)  but 
also  by  the  added  bulk  of  whatever  woody  remains  get 
buried  beneath  the  growth  of  moss.  For,  as  soon  as  the 
moss  bogs  have  become  sufficiently  compact,  certain  kinds 
of  trees,  like  the  tamarack,  the  boiled  cypress  and  the 
birch  in  North  America,  and  the  smaller  species  of  pines 
in  Europe,  are  apt  to  invade  their  surfaces.  The  roots  of 
these  trees  become  covered  by  the  mosses,  which  build  up 
their  high  tufts  around  them,  protecting  from  the  decom- 
posing action  of  the  atmosphere  not  only  the  roots  of  the 
growing  trees,  but  all  such  leaves,  branches,  pieces  of  bark, 
cones,  etc.  as  may  fall  upon  the  moss  covered  surface. 

When  the  atmosphere  is  very  humid,  or  where  the  sup- 
ply of  water  is  furnished  by  some  rivulet  traversing  the 
swampy  plain,  the  peat  grows  upward  rai)idly  and  to  a 
great  thickness.  In  the  great  peat  bogs  of  Les  Fonts,  Jura, 
(where  I  directed  for  a  time  the  operations  of  the  sj^stem- 
atic  extraction  of  the  peat,  for  the  Government  of  Neucha- 
tel,  in  away  of  promoting  reproduction  of  the  materials  in 
the  ditches)  the  thickness  of  the  peat  is  found  to  vary 
between  8  and  80  feet.  In  some  provinces  of  Russia  the 
growth  of  peat  is  officially  reported  to  be  50  and  even  100 
feet  thick.  In  mountainous  foggy  regions  like  Ireland, 
Scania,  and  parts  of  Germany,  the  absorbant  ability  of 
sphagnum  makes  peat  bogs  grow  even  upon  steep  slopes, 
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which  become  for  this  reason  more  or  less  impassable.  The 
mountain  sides  near  the  summit  of  the  Brocken  ( the  hifj;h- 
est  of  the  Hartz  mountains)  are  sheeted  with  large  bowlders 
of  rock,  covered  over  and  filled  in  between  with  moss, 
which  thus  makes- a  continuous  carpet. 

The  absorbing  power  of  the  peat  mosses  enables  them  to 
grow  higher  and  higher  above  their  original  water  level, 
from  which  they  thus  gradually  emerge.  The  name 
emerged  bogs  has  been  therefore  given  to  them. 

The  peat  of  emerged  bogs  is  less  compact ;  the  annual 
layers  are  more  distinct,  generally  well  defined  in  their 
succession.  At  the  top  of  the  bog  the  layers  measure  about 
one  inch  in  thickness  ;  at  the  bottom  less  than  i  inch  ;  and 
in  old  bogs  still  less.  The  growth,  therefore,  though  not 
very  rapid,  is  easily  observed  an<l  registered,  in  several 
ways. 

It  may  be  measured  by  compass  and  level  from  the  border 
of  the  swamp  ;  the  central  portion  of  which  becomes  gradu- 
ally higher  and  higher,  screening  from  the  view  of  a  spec- 
tator on  one  side  of  it  objects  which  had  been  before  ob- 
servable on  the  other  side  of  it. 

It  mav  be  estimated  also  bv  a  time  scale,  in  cases  where 
ancient  bridges,  pavements,  etc.  whose  epoch  of  construc- 
tion is  certified  bv  documents,  are  discovered  buried  under 
beds  of  peat  of  known  thickness. 

Again,  in  places  where  peat-bogs  have  been  worked  for  a 
number  of  years,  old  pits  are  encountered,  now  entirely 
refilled  ;  and  when  this  happens  with  peat,  during  the  life  of 
the  proprietor  who  has  himself  dug  the  old  pits  and  can 
recall  the  exact  date,  very  ju-ecise  <lata  is  thus  furnished 
for  learning  the  amount  of  time  necessary  for  the  repro- 
duction of  a  given  thickness  of  peat. 

The  rate  of  growth  depends  of  course  on  atmospheric  or 
other  local  circumstances,  but,  i)utring  together  many  such 
pieces  of  documentary  testimony  obtained  in  difl'erent  coun- 
tries, the  avenjge  production  of  compact  matter  may  in  a 
general  way  be  estimated  at  1  foot  in  a  century. 

In  immerged  bogs,  formed  of  vegetable  debris  falling  into 
water,  the  peat  grows  more  slowly  and  less  regularly.  The 
8 
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nctnal  rat«^  of  its  growth  has  not  yet  been  positively  re- 
corded. In  very  extensive  bogs,  stretching  between  Swiss 
lakes,  timber  posts  have  been  discovered  on  the  line  of  an 
old  road,  and  parts  of  a  bridge  buried  beneath  6  or  6  feet 
of  comixict  black  peat.  Althousrh  the  exact  date  of  these 
constructions  has  not  been  fixed,  the  discovery  of  Roman 
medals  in  the  vicinity  suggests  the  beginning  of  the  Chris- 
tian era.  This  shows  that  the  kind  of  peat  which  results 
from  the  maceration  of  plants  under  water  is  of  much 
slower  growth  t)ian  the  peat  layers  of  the  emerged  hogs. 
It  is  also  more  compact,  and  is  quite  black,  the  vegetable 
matter  beiug  more  completely  decomposed,  and  its  internal 
structure  generally  so  destroyed  as  to  be  unrecognizable. 
The  peat  of  emergr.d  hogs  on  the  ccmtrary  is  yellowish 
brown  :  fibrous  :  its  annual  lavers  distinct,  and  the  woodv 
fragments  more  generally  recognizable. 

This  difference  in  the  two  kinds  of  peat  has  a  direct  bear- 
irfg  on  the  difference  between  bituminous  and  cannel  coal, 
and  furnishes  grounds  for  supposing  that  the  latter  with 
its  more  compact  texture  and  its  destitution  of  any  tmce 
of  any  horizon  tal  annual  layers,  and  of  vegetable  rema ins,  has 
been  produced  by  plant  growth  underwater,  and  decom- 
posed under  water,  like  submerged  j^eat.  Bituminous  coal 
on  the  otlier  hand  with  its  distinct  stratification,  has  been  pro- 
duced by  the  accumulation  of  vegetable  materials  above 
water ;  and  j^reserved  against  rapid  decomposition  by  the 
great  humidity  of  the  atmosphere.  That  the  earth's  at- 
mosphere was  thoroughly  saturated  by  vapors  in  the  Car- 
boniferous period  is  fully  evidenced  by  the  chann^ter  of 
the  fioi-a  of  that  ei>och,  marked  by  a  prodigious  abundance 
of  Ferns  and  especially  Lycopodiacje.  The  great  thickness 
of  the  carbcmiferous  vegetable  deposits  is  in  accordance 
with  the  probable  fact  of  an  excessively  humid  atmosphere  ; 
for  it  is  well  established  that  all  the  deposits  of  Immersed 
peat  are  generally  thin.  The  thickest  I  have  seen  in  the 
lacustrine  peat  formations  of  Switzerland,  Denmark  and 
Holland  var\'  from  2  to  8  feet.  The  beds  of  cannel  coal, 
which  are  the  ancient  representatives  of  such  lake  bogs, 
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are  nsujillv  tl:inner  than  those  of  bituminons  coal.*  I  do 
not  know  of  any  in  Kentucky  wliich  are  thicker  tlian  4  feet. 
Some  beds  are,  in  phices,  cannel  3  to  4  feet  thick,  and,  in 
places,  bituminons  5  to  6  feet  thick. 

Thus  far,  we  have  been  considering:  1,  the  growth  of  the 
peat  by  a  continuous  accumulation  of  remains  of  plants 
growing  in  pkice  ;  2,  the  mode  of  procedure  of  nature  in 
performing  the  work  ;  and,  3,  the  preservation  of  the  woody 
matter  against  decomposition  either  by  the  water  in  which 
the  plants  are  completely  immersed,  or  by  moisture  which 
certain  species  of  mosses  absorb  from  underlying  water 
or  from  the  overlying  saturated  atmosphere.  All  these 
considerations  tend  to  explain  by  analogy  the  accumula- 
tion of  woodv  materials  in  the  coal  measures. 

Now,  to  make  the  analogy  more  complete  and  njore  evi- 
dent, we  will  examine  some  of  the  peculiar  circumstances 
which  accompany  the  formation  of  peat. 

Peat  bogs  m  the  low  countries  are  more  extensively  form- 
ed along  the  sea  shore,  especially  near  the  mouths  of  large 
rivers,  like  the  Somme,  in  France;  theWeser  and  Elbe,  in 
Gernuiny  ;  along  the  shores  of  the  North  Sea  in  Holland, 
and  of  the  Baltic  in  North  Germany,  Mecklenberg,  Pom- 
erania,  Denmark,  Sweden,  etc.  Peat  is  formed  everj^- 
where  where  an  expanse  of  water  has  beconje  enclosed  as 
a  water  basin  sheltered  from  the  invasion  of  the  sea  by 
bands  of  sand  thrown  up  by  the  waves  ;  or  along  the  river 
valleys,  by  the  natural  levees  which  border  most  great 
rivers  in  some  parts  of  their  course,  especially  near  their 
mouths.  These  natural  dams  are  made  by  the  deposit  of 
muddv  matter  in  times  of  inundation  ;  since  currents  make 
their  precipitations  along  their  border  lines,  wheie  tlie 
force  ceases  to  be  active,  and  at  a  greater  or  less  distance 
from  the  maximum  line  of  flow  and  parallel  to  it. 

Behind  such  natural  dams  or  levees,  wherever  the  in- 
undations do   not  overleap  them,    there   remain   shallow 


*Tbe  anthracite  ooal  of  PeDnBylvania  is  bituniinous  in  its  origin,  at 
least  moflt  general ly  so.  I  have  rarely ^seen  it  so  compact  that  the  horizontal 
layers  were  totally  absent.  The  thick  cannel  ooal  deposits  in  Western 
Penn^ylTania  are  very  local. 


110  GEOLOGICAL  SURVEY  OF  PENN'a,  1885. 

• 

basins  with  impermeable  bottoms  of  soft  mud  or  clay. 
These  are  invaded  by  vegetation  and  transformed  into  peat 
bogs.  Along  tlie  sliores  of  the  sea  also  the  waves  and 
winds  create  long  sand-dunes,  some  of  which  are  very  high. 
Behind*  these  barriers,  small  creeks  and  even  rivers  are 
arrested  in  their  flow,  their  waters  expanding  into  shallow 
basins,  which  are  invaded  by  plants  and  filled  with  peat 
deposits.  These  still  retreats  of  vegetation  are  not  always 
safe  from  disturbance ;  although  sheltered  for  a  time  against 
the  rivers  or  the  ocean,  it  will  happen  that  some  extraor- 
dinary freshet,  some  extraordinary  high  tide,  some  tremen- 
dous storm,  breaks  down  or  through  the  barriers,  and  then 
the  peat  bogs  become  covered  with  a  deposit  of  mud  or 
sand. 

Such  events  have  been  repeated  at  longer  or  shorter  in- 
tervals, and  still  recur,  and  the  results  are  clearly  recorded 
in  the  constitution  of  peat  bogs,  some  of  which  show  the 
interposed  layers  of  sand  and  mud  which  interrupted  their 
regular  growth. 

I  have  already  remarked  that  the  great  peat  bogs  which 
stretch  between  some  of  the  lakes  of  Switzerland  are 
divided  in  the  middle  of  their  thickness  by  a  bed  of  sand 
and  gravel,  6  to  9  inches  thick,  having  4  feet  of  peat  above 
and  as  much  underneath. 

In  the  Departement  du  Nord  in  France,  a  large  number 
of  ditches  have  been  cut  for  the  working  out  of  the  peat, 

and  some  of  the  sections  have  been  carefullv  recorded.     In 

a   book   written  by   a  French   engineer,  M.  H.    Debray,* 

mav  be  found  a  number  of  sections  from  lo  different  locali- 

ties,  the  averaice  of  which  is  as  follows  : 

Feet.    iDcfaes. 

Boggy  hnmas, 8 

Gray  marine  sand  or  clay  with  marine  ahells, 3  0 

Blue  marine  day  with  marine  shells, S  0 

First  peat  beil, 4  0 

Sand  with  Cardium  and  Lutrarife, 5 

Second  peat  bed,  rarely  present, very  thin. 


*Gaide  geologique  et  arcb<¥ologiqae  de  qneleques  tourbi^res  da  littoral 
Flamand  et  da  Department  de  la  ^>omme  par  M.  Henry  Debray  oonductear 
du  Fonts  and  Schatlmea,  1873. 
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Among  the  shells  founed  in  the  marine  sand  and  blue 
clay,  the  author  mentions  Cardium  edule  (the  common 
cockle  shell,)  and  Lxitraria  compressa  (both  very  abundant;) 
Liltorina  rudis^  Buccinum  nndatum,  Pholas  Candida 
and  Tellina  halthica ;  but,  in  the  peat  itself  no  marine 
shells  have  been  found,  and  river  shells  very  rarely. 

One  of  the  sections  shows  some  difference  in  th*e  compo- 
sition of  the  material.  The  upper  part,  under  the  bed  of 
humus,  is  composed  ot  four  layers  of  sand^  measuring  in 
all  5  feet ;  then  a  thin  layer  of  earthy  clay,  overlying  5 
feet  of  peat  essentially  composed  of  trunks,  bnmches  and 
leaves;  then  a  layer  of  blue  sandy  clay  8  inches  thick  ; 
beneath  which  lies  a  lower  bed  of  peat  15  inches  thick.  In 
digging  down  to  the  last  peat  bed  a  strong  smell  of  gas 
noisily  escaped  for  nearly  5  minutes  ;  and  great  bubbles  of 
gas  were  formed  at  the  surface  of  the  water,  which  on 
breaking  gave  a  strong  smell  of  carburetted  hydrogen.*  In 
these  deposits  the  upper  surface  of  the  peat  bed  is  from  2 
to  3i  feet  lower  than  the  mean  level  of  the  sea  (See  Recher- 
ches,  &c.,  pp.  205,  206.) 

In  the  lower  parts  of  peat-bogs  and  sometimes  under- 
neath the  peat,  a  vast  number  of  implements,  broken  pot- 
tery, coins,  &c.,  have  been  found,  together  with  bones  of 
animals,  birds  and  fishes.  Some  of  the  earthenware  vases 
seem  to  be  of  the  best  Roman  type  ;  other  fragments  of 
pottery  recall  ages  of  barbarism  by  their  poor  conformation 
and  the  disproportion  of  their  parts,  and  were  probably 
manufactured  by  the  ancient  Gauls. 

The  same  author  mentions,  as  a  remarkable  fact,  that  the 
peat  deposits  must  have  been  formed  before  an  irruption 
of  the  sea  ;  for,  the  marine  clay  which  is  superposed  upon 

*The  proportion  of  hydro-carbon  and  bitumen  in  coal  is  about  the  same  in 
peat,  equaling  the  reeinona,  waxy  and  bituminous  parts  recognized  by  chem- 
ical analysia  In  the  chapter  on  Chemistry  of  the  Peat  I  have  recorded  in  my 
Researches  on  the  Peat-bogs,  some  analyses  of  the  material :  one  of  these,  by 
Kiaproth,  makes  the 

Solid  products  (pure  carbon), 20% 

Liqnid  products  (em pyrcnmatic  oil,)    .   . 30% 

Oas  (oxide  of  carbon  or  carburetted  hydrogen,         ...  .    12  % 

Another  analysis,  by  Ziegman,  of  very  impure  peat,  gives  6.2%  wax,  0.4% 
resin,  9.0%  bitumen. 
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til**  i>eat  is  nowhere  mixed  with  the  upper  la yere  of  peat. 
This  fact  may  show  how  and  why  the  superposition  of 
sandst(»ne  upon  coal  is  always  abrupt ;  and  why  there  is 
never  any  intermixture  of  sandy  matter  with  the  coal. 
Wherever  the  growth  of  a  peat  bog  has  been  stopjied  by 
dryness  or  any  other  cause,  the  upper  surface  of  the  peat 
is  crtisledy  hardened,  and  transformed  into  a  tbin  coating, 
quite  impervious  to  the  entrance  of  any  kind  of  foreign 
matter;  and  it  is  upon  this  hard  upper  crust  that  the 
boggy  humus  forms  ;  or,  whenever  the  land  bec*omes  re- 
submerged,  a  new  peat  vegetation  begins.  In  which  case 
such  a  crust  remains  as  a  parting  layer  between  two  beds 
of  peat,  like  the  well-known  clay  partings  between  two 
coal-benches. 

In  the  valley  of  the  Somme,  a  river  in  Northern  France, 
peat  bogs  have  been  long  and  extensively  worked  and  show 
a  certain  definite  resemblance  to  the  structure  of  the  coal 
measures  ;  as  the  following  section  of  one  of  the  i)eat  bogs 
will  maKe  plain  : — 

Feet.  Inchest 

Top  bamm, 0     ,      8 

Muddy  oJay  with  fresh  water  RhellB  and  silex, 5  0 

C meretionary  limestone  and  shells, 3  10 

15  layers  of  peat  of  divers  qoality, 23  4 

In  this  section,  the  peat  deposit  is  continuous,  with  a 
variation  in  quality  evidently  due  to  a  succession  of  dif- 
ferent kinds  of  vegetation,  and  perhaps  to  a  variation  in 
the  degree  of  prevailing  humidity. 

In  tlie  following  section  the  peat  is  separated  into  layers 

by  foreign  matter : 

Feet.  Inohea 

Calcareous  sandf  gray, 0  8 

Black  zone 0  2 

Peat  in  thin  plates,  (laminated,) 1  4 

Argillaceons  blaolc  peat, 1  0 

Ca^cartfouA  concretions  full  of  shells, 0  6 

Black  argillaoeous  matter, 0  8 

Grayish  clay  with  plenty  of  shells, 0  8 

Argillaceous  peat, thin 

Calcareous  concretions, — 

Laminated  peat  with  trunks  of  trees  and  leaves,  .  ...  10  0 

In  this  section  we  have  representatives  of  the  calcareous 
concretions,  and  clay  layers  of  a  coal  bed. 
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But  the  phenomenon  is  observed  on  a  higher  scale  in 
Holland,  along  the  sea  shores,  whei*e  peat;  is  worked  by 
shafts.  One  shaft  was  sunk  through  16  feet  of  clay  to  the 
first  bed  of  j)eat.  Between  the  fii'st  and  second  bed  of 
peat  lay  14  feet  of  white  clay.  The  second  peat  was  18 
feet  thick  ;   and  beneath  it  lay  10  feet  of  hard  clay.* 

Is  there  nothing  in  these  sections  to  give  us  the  solution 
of  some  of  the  more  important  problems  of  the  constitu- 
tion of  the  coal  measures  ?  The  thin  layers  of  clay  which 
are  interposed  between  peat  deposits  have  their  analogy  in 
the  clay  partings  of  the  coal.  The  heavy  deposits  of  sand 
mixed  with  numerous  marine  shells,  and  the  calcareous 
concretions,  are  also  on  a  small  scale  comparable  to  the 
beds  of  sandstone,  and  limestone,  &c.,  which  make  up  the 
alternate  strata  of  the  coal  measures  between  the  beds  of 
coal.  And  in  the  developement  of  gas  from  old  peat  de- 
posits we  find  an  explanation  of  the  rock  oil  and  gas  de- 
posits of  the  coal  measures  and  the  formations  which 
underlie  them. 

If  it  was  possible  for  me  now  to  continue  the  description 
of  the  modification  of  the  work  of  water  peculiar  to  the 
formation  of  peat,  most  of  the  questions  suggested  by 
sludents  of  the  coal  strata  would  certainly  be  answered. 

It  must  however  be  kept  in  mind  that  all  the  agencies 
which  contributed  to  the  formation  of  coal  beds  worked  on 
a  prodigiously  larger  scale  than  those  which  are  now  in  ac- 
tivity for  the  formation  of  peat.  Then,  the  deposits  of 
vegetable  remains  were  from  an  exceptionally  exuberant 
vegetation,  favored  by  the  greatest  possible  humiditj"  of 
the  air,  and  a  superab'.mdance  of  carbonic  acid  in  tlie  at- 
mosphere. It  was  a  vegetation  of  which  we  can  scarcely 
get  an  idea  from  anything  now  visible.  Acrogenous  plants, 
Ferns,  Lycopods  and  Eqtiisita  (Horsetail)  composed  nearly 
the  whole  flora  of  the  coal  period.  All  the  plants  of  ihose 
orders ;  represented  by  numerous  genera,  were  then  large 
trees,  their  trunks  measuring  fiom  1  to  3  feet  in  diameter, 
forty  to  100  feet  tall,  or  even  more  ;  growing  close  together, 
and   forming  an  impenelrable  thicket  of  stems,  branches 

*De  Luo,  lettres  physiques  and  morales,  p.  125. 
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and  leaves  ;  whereas,  at  the  present  day,  the  same  kinds  of 
plants  are  represented  by  mere  herbage  of  small  size,  with 
stems  and  branches  scarcely  as  thick  as  a  goose  quill,  and 
only  one  or  two  feet  high.  Most  of  the  land  surface  was 
then  a  vastness  of  swamps,  in  which  the  lirst  growth,  gener- 
ally floating  or  creeping  plants,  was  essentially  composed 
of  a  peculiar  species,  the  S/ iff  war  ia^  whose  immensely  long 
stems  and  branches,  from  4  to  6  inches  thick,  were  woven 
together,  like  the  thin,  matted,  floating  stems  of  the  SpJiag- 
vwn  of  the  present  age,  into  an  immense  woven  mat,  or 
thick  cari>et,  over  which  the  luxuriant  land  vegetation  of 
the  coal  socm  spread  itself.  And,  of  course,  we  must  sup- 
pose that  such  an  accumulation  of  ponderous  material, 
sucli  a  mass  of  vegetation,  sank  of  its  own  weight  at  times 
and  places  into  the  water  beneath  and  became  wholly 
submerged.  This  supposition  becomes  a  certainty  in  view 
of  the  superposition  of  thick  beds  of  sandstone,  shale,  clay, 
ironstcme  and  limestone  upon  the  old  beds  of  coal. 

To  account  for  the  succession  of  coal  beds  sei>arated  from 
each  other  by  manv  feet  or  yards  of  rock  strata,  and  con- 
stituting  a  mass  of  coal  measures  sevei*al  thousand  teet 
in  total  thickness,  it  is  necessary  to  take  into  considerati(m 
those  very  slow  downward  movements  of  large  areas  of  the 
earth's  snrface  which  have  taken  place  in  all  geological 
ages,  and  were  nearly  continuous  on  a  grand  scale  during 
the  whole  time  in  which  the  numerous  formations  of  Middle 
and  Western  Pennsylvania  wei*e  being  deposited;  ending 
with  the  rise  of  the  whole  region  to  its  present  height  at 
the  end  of  the  Coal  Measure  age.  During  all  the  last  part 
of  the  downward  movement  the  coal  vegetation  flourished 
magnificently,  but  was  interrupted  by  inroads,  of  the  sea 
on  an  equal  gi'and  scale  ;  and  these  inroads  which  explain 
the  intermediate  sandstone,  shale,  limestone  and  iron  ore 
beds,  were  precisely  similar — but  vastly  greater  and  per- 
haps lasting  for  a  much  longer  time — to  those  which  have 
been  described  as  hapi)ening  in  the  historj'^  of  the  formation 
of  the  peat-bogs  of  our  ov\^n  day.* 

*See  also  a  recent  Memoir  on  this  part  of  the  subject  by  E.  Hull,  Director 
of  the  Geological  Survey  of  Ireland. 
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From  all  that  has  been  said  then  it  plainly  appears  that 
in  the  growth  of  peat  we  have  a  microcosmic  but  true  rep- 
resentation of  the  formation  of  the  ancient  coal. 


Notes  by  J,  P,  Lesley, 

In  the  summary  of  the  Second  Geological  Survey  of 
Pennsylvania,  which  I  am  preparing,  with  the  approba- 
ti(m  of  the  Board  of  Commissioners,  for  the  use  of  citizens 
of  all  parts  of  the  State  who  find  it  diflBcult  or  tedious  to 
consult  the  numerous  and  elaborate  reports  of  the  progress 
of  the  Survey  in  the  several  counties,  I  illustrate  mv  de- 
scription  of  the  coal  beds  with  pictures  of  what  may  be 
seen  when  slices  of  our  coals,  ground  so  thin  as  to  become 
transparent,  are  placed  under  the  microscope  magnified  to 
50,  100  or  1,000  diameters. 

Every  body  is  acquainted  with  the  fossil  tree-stems 
which  lie,  mashed  flat,  between  the  lavers  of  black  slate 
which  form  the  roof  of  our  coal  mines,  and  in  the  beds  of 
solid  sandstone  which  cover  the  roof-slates.  Some  may 
have  had  an  opportunity  of  seeing  a  standing  forest  of  tree 
stems,  retaining  their  round  form,  but  turned  to  stone 
(except  their  bark,  which  is  usually  turned  to  coal,)  rooted 
in  the  roof  shales  and  rising  vertically  through  the 
overlying  sand  rocks  or  snndy  shales.  Stumps  and  tall 
stems,  broken  off  above,  occur  in  multitudes  in  all  the  coal 
fields  of  the  world,  and  picture^of  them,  drawings  of  their 
scarred  and  channeled  barks,  and  figures  of  the  leaves, 
nuts  and  seeds  which,  falling  from  them  while  they  lived 
into  the  mud,  have  been  beautifully  preserved  in  the  roof 
shales  of  some  coal  beds,  may  be  found  in  a  hundred  pub- 
lished geological  books  and  memoirs. 

The  most  recent  and  complete  series  of  representations  of 
the  fossil  barks,  woody  fiber,  fern  fronds,  fruit,  &c.,  found 
in  the  roof  shales  and  coal-bed  partings  has  been  published 
by  the  Survey  as  Report  of  Progress  P,  Vols.  I  and  II, 
(1880,)  bound  in  one,  with  its  Atlas  of  85  plates,  bound  in  a 
separate  volume,  and  Vol.  Ill,  (1884,)  carrying  the  number 
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of  plates  up  to  108.  This  great  work  embodies  the  result:? 
of  the  life-long  observations  of  the  venerable  fossil  botanist, 
Leo  Lesquereux,  now  eighty  years  old,  and  still  active  in 
the  science,  who  is  recognized  both  in  Europe  and 
America  as  the  discoverer  of  the  true  explanation  of  the 
origin  of  coal,  based  upon  his  first  investigations  into  the 
mode  of  growth  of  peat  bogs,  as  described  by  himself  at 
my  request  in  the  foregoing  paper. 

Pictures  of  the  internal  veiretable  constitution  of  the 
coal  itself  are  not  so  accessible  ;  because  the  soft  tissues  of 
coal  plants  growing  in  water  were  macerated  into  an  al- 
most undistinguishable  mass  of  pulp,  which  makes  the 
microscopic  inspection  of  them  very  difficult.  But,  to  show 
what  can  be  seen  in  specimens  properly  prepared,  I  bor- 
row one  or  two  illustrations  from  Dr.  now  Sir  James  W. 
Dawson,  principal  of  McGill  College,  Montreal,  one  of  the 
most  distinguished  of  living  fossil  botanists.  His  first 
elaborate  treatise  on  the  vegetable  structure  of  coal  was 
published,  with  4  plates  of  figures,  in  the  15th,  Vol.  of  the 
Journal  of  the  London  Geological  Society  in- 1859  ;  and  his 
second  treatise,  with  8  plates  of  figures,  in  the  22nd  Vol- 
ume, in  I860.  From  plate  3  of  the  first  treatise  I  take  the 
magnified  picture  of  the  cell-structure  of  solid  coal  of 
Lingan,  Nova  Scotia,  (  Fig.l. ) ;  and  a  picture  of  the  disc- 
bearing cell  structure  of  a  thin  film  of  ''  mineral  charcoal  " 
from  a  Pictou  bed,  magnified  300  diameters  (Fig.  2.) 

Dr.  Dawson  says  in  his  memoir  that  compact  coal  exhibits 
now  very  little  of  its  original  cell  structure,  because  the 
cells  have  been  pressed  together  into  an  indistinguishable 
mass,  and  (chemical  changes  have  been  going  on  for  ages  in 
the  mass,  producing  segregations  of  bituminous  matter 
which  have  sometimes  been  mistaken  and  figured  for  the 
original  cells.  Hutton  apfjears  to  have  seen  the  true  cells. 
Goeppert  figures  them  as  obtained  in  the  ash  of  coal. 
Dawson  brought  out  the  cell  structure  of  lustrous  compact 
coal  by  the  use  of  nitric  acid;  and  Fig.  1  represents  them 
in  a  sufficiently  perfect  condition.  Fig.  3  represents  the 
gymnospermous  bordered  pores  f>f  Sigillaria  (?)  in  the  hiyers 
of  mineral  charcoal,  magnified  1,000  diameters.     Figs.  4  and 
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5  show  the  ladder-shaped  woody  tissue  (scalarifonn  vessels) 
of  two  kinds  in  mineral  charcoal,  magnified  300  diameters. 
Fi<r.  6  represents  longitudinal  sections  from  the  axis  of 
Sigillaria,  300  diameters  ;  and  Pig.  6  a,  a  transverse  section. 

For  the  purpose  of  the  i)resent  paper  these  few  exhibi- 
tions of  the  vegetable  origin  of  our  coal  beds  will  suffice  ; 
and  I  have  chosen  those  made  nearly  thirty  years  ago,  first 
for  the  purpose  of  showing  how  long  investigations  into 
the  origin  of  coal  were  successfully  pursued,  and  secondly, 
because  the  conclusions  arrived  at  then  have  been  since 
verified  and  confirmed  by  the  work  of  later  investigators, 
especially  by  those  who  have  discovered  many  coals  crowded 
with  the  preserved  pollen  of  the  plaBts  of  the  coal  age. 
These  will  be  given  in  my  Summary  Report. 

Not  often  is  Nature  caught  in  the  act  of  performance  ; 
she  behaves  like  a  loving  house-mother  on  Christmas  eve, 
moving  noiselessly  about,  that  the  children  be  not  awakened, 
while  she  fills  their  stockings  with  toys  and  sugar  plums. 
Sometimes  a  plank  in  the  floor  will  creak,  or  a  piece  of 
match-wood  snap  ;  that  cannot  always  be  helped.  Volcanic 
action  is  impossible  without  periodical  eruptions,  nor  a  res- 
toration of  the  elevation  of  worn-down  highlands  without 
occasional  earthquakes.     But  most  of  Nature's  operations 

are  so  noiseless,  and  so  hooded  from  human  eyesight,  that 
Geology  i)lays  with  her  a   perpetual  game  of  blindman's 

buflF,  and  is  only  now  and  then  successful  at  a  catch,  as  in 

the  case  of  the  Ltic  d'Etailleres,  narrated  by  Mr.  Ijesquereux 

in  the  foregoing  paper. 


Preliviiiiary  Report  of  work  done  in  1885,  on  the  r.e- 
survey  of  the  Pittsburgh  Coal-Region. 


By  E.  v.  d' In  villi  BR  m. 


ClIAl'TKli   I. 

Iiiirodnction. 


Tbe  Pittsbnrgh  region  has  no  clearly  defiaablegeograpiii- 
pal  limits;  for,  its  priiicipal  coal-bed.  on  which  :ii'e  located 
most  of  its  collieries,  extends  westward  into  Ohio,  south- 
ward into  Virginia,  and  north-eastward  as  far  as  Indiana 
county.*  It  is,  however,  fairly  well  represented  by  the 
area  of  the  accompanying  map  (page  126). 

Duiing  the  ];ist  season  the  greater  part  of  it  was  re- 
visited ;  outcrops  were  located  ;  new  levels  wei'e  taken  and 
old  levels  rectified  ;  and  a  large  mass  of  materials  was  col- 
lected for  a  full  report  to  be  published  after  the  field  work 
of  1886  has  been  finished. 

For  this  preliminary  report,  a  tyi)ical  portion  of  tlie  region 
is  selected  for  minute  description,  as  a  good  illustration  of 
ihe  geology  of  the  whole ;  and  this  portion  is  designated 
on  the  little  map  by  cross-bars. 

Another  map  of  the  selected  portion  has  been  constructed 
on  a  larger  sciile,  and  accompanies  this  report.     This  map 

■Tbe  PitlHbargb  region  bu  bii  outspread  nf  the  Pittaburgb  Uoal-bed  SO  mlJes 
long  bj  GO  miles  wlds  wliliin  Ibe  limits  i.t  tlie  SUte.  In  tlie  north-western 
psrt  of  thin  area  the  bed  is  2'  or  S'  thich,  increasing  in  thicliness  eastward  and 
walbward  to  6'  of  goodooalat  PJtlsburgli,  10'  uptheMonongahelH,Bnd  12'  up 
tbe  Tough iogben;.  What  the  thtcknen  of  the  bed  may  be  underneath  tbe 
npUndaof  Washington  and  Oreene  counties  we  now  know  by  tbe  new  gas- 
wells.  It  Diaintalne  its  tblckneBS  In  that  direction.  An  avsroKe  of  8'  for  the 
•hole  region  looks  like  a  fair  one.  This  given  8,000,000  of  tons  to  the  square 
mite,  and  there  are  2,600  square  miles.  Allowing  one  half  of  tbe  Area  xm  be 
iatervtl-separailng  outorope,  we  have  then  10,000,000,000  Ions  remaining 
thlsoneooal  bed.  Allowing 60  percent,  for  pillars,  bad  mining, and  wi 
(125) 
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embraces  Lincoln,  Elizabeth  and  Forward  townships  of  Al- 
legheny county  :  surrrmnded  on  three  sides  by  the  Monon- 
gahela  and  Yonghioffheny  rivers,  along  the  valleys  of  which 
the  Pittsburgh  Coal-bed  is  mined  for  both  a  railroad  and  a 
river  trade. 

On  the  larger  map  the  details  of  the  outcrop  line  of  the 
Pittsburgh  Bed  are  shown  ;  the  levels  above  tide  of  the 
adits  ;  and  the  underground  anticlinal  and  synclinal  struc- 
ture. As  the  accuracy  of  this  representation  must  greatly 
depend  on  the  accuracy  of  the  levels  above  tide  assigned  to 
the  gjuigway  mouths,  it  is  proper  to  remark  that  consider- 
able difficulties  were  at  first  encountered  in  securing  a  good 
railroad  base  line  for  barometric  level  work.  Indeed  after 
all  corrections,  T  cannot  guanintee  the  correctness  of  the 
Baltimore  and  Ohio  Railroad  elevations. 

Many  elevations  were  furnished  me  by  resident  mining 
engineers ;  but  the  datum  level  was  often  assumed,  and  had 
to  be  adjusted. 

In  this  chapter  will  be  found  a  list  of  all  i)oints  of  obser- 
vation occupied  by  me  during  the  field  season  (mostly  along 
the  outcrop  of  the  Pittsburgh  Coal-bed) ;  with  their  eleva- 
tions above  tide ;  arranged  by  counties  and  townships,  for 
use  in  future  work ;  so  that  a  coirection  of  any  errors  may 
be  obtained  before  the  publication  of  njy  final  report. 
Thus  far  they  have  satisfactorily  indicated  the  geological 
structure  of  the  field. 

The  usual  stagnation  of  the  coal  business  during  the  early 
summer  months,  with  the  succeeding  labor  troubles  in  the 
autumn  of  1885,  kept  a  large  percentage  of  the  mines  closed 
until  the  New  Year  ;  so  that  onlv  a  limited  number  of  mine 


all  kinds,  we  may  set  dowo  its  ooal  available  for  market  in  the  future  at 
5,000,000,000  toua. 

The  output  of  the  Monongahela  alackwater  in  1884  was  double  what  it  was 
ten  years  before.  If  it  goes  on  doubling  every  ten  years  the  output  of  the 
Pittsburgh  bed  will  reach  the  rate  of  the  British  coal  trade,  say  200,000,000  in 
about  forty  years  from  now ;  and  were  the  doubling  of  the  rate  to  go  on  still, 
the  bed  would  be  exhausted  in  about  eighty  years  from  now.  But  such  calcu- 
lations are  evidently  ridiculous,  especially  In  view  of  the  growing  competition 
of  other  coal-beds  and  other  coal-regions  of  the  United  States.  No  rate  of  in. 
crease  in  the  output  of  ooal  from  the  Pittsburgh  bed  will  exhaust  it  in  less 
Unoa  than  many  oenturies;  of  this  we  may  be  perfectly  sure.— J.  P.  L. 
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descriptions  are  presented  in  this  report.  Durin<^  the 
spring  of  1886  tlie  Survey  will  be  extended  over  the  larger 
part  of  the  Pittsburgh  region  (as  embraced  by  the  map, 
page  126),  and  I  am  assured  of  the  hearty  cooperation  of 
persons  whose  interests  are  identified  with  its  completion.' 

Railroad  and  Miscellaneous  Lecels.* 

The  Railway  lines^  which  traverse  quite  a  large  part  of 
this  territory,  have  furnished  levels  which  served  as  a  base 
for  the  various  barometric  observations  taken  in  the  region. 

The  following  tables  will  show  the  elevations  of  railroad 
grade  at  the  respective  stations. 

The  succeeding  tables  show  elevations  of  Pittsburgh  Coal- 
bed,  etc.^  at  various  points  visited. 

1.   FennaylTania  Bailroadt 

(Table  1  of  Report  N.) 


Stations. 


Pittsburgh  Union  Depot,    .  . 

Jjawrenceviile, 

Millvale 

Shadyside, 

Roups\  

East  Liberty, 

Torrens,         

Horaewood, 

Brusbton, 

Wilkinsburg, 

Edgew<H)d, 

Swiasvale, 


Above  high 

tide  at 
Philadelphia. 


Feet, 
738 
773 
826 
849 
875 
911 
913 
916 
915 
916 
916 
915 


Above  meah 

level  of 
Atlantic  Ooean. 


FeeU 
745 
780 
833 
856 
882 
918 
920 
923 
922 
923 
923 
922 


Distance 

from 

Pittsburgh. 


Miles. 

2 
8 

3i 
4 

6 

8 


*These  levels  are  all  referred  to  Ooean  level,  and  in  the  succeeding  tables 
the  various  points  occupied  during  the  season  are  recorded,  with  the  desire  to 
have  them  verllied  for  the  final  report.  The  arrangement  by  county  and  town- 
ships will  facilitate  examination,  and  all  corrections  or  errors  noted  should  be 
sent  to  K  V.  d'Inviliiers,  711  Walnut  street,  Philadelphia. 

fNoTB.— The  elevations  at  the  various  stations,  on  the  Penn'a  R.  R.,  were 
copied  from  the  engineer's  notes,  by  permission  of  Mr.  W.  H.  Wilson,  its  con- 
sulting engineer. 

The  datum,  or  base  of  levels,  is  ordinary  high  water  in  the  Schuylkill  River. 
This  datum,  according  to  Mr.  James  T.  Gardener's  determination,  is 6.913  above 
mean  surface  of  the  Atlantic  Ocean.  These  7  feet  are  added  in  the  second 
column.  Decimal  parts  of  a  foot  do  not  occur  in  these  lists.  When  below  .5 
they  have  been  omitted ;  when  more  than  .5  a  whole  number  has  been  suA)- 
stituted. 
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Stations. 

Above  high 

tide  at 

Philadelphia. 

Above  mean 

level  of 
Atlantic  Ocean. 

Distance 

from 

Pittsburgh. 

Hawkins, 

Copeland, 

876 
846 
821 
750 
743 
748 
742 
744 
784 
847 
859 

877 

898 

935 

967 

1052 

1143 

1156 

1084 
1106 

883 
853 
828 
757 
750 
750 
749 
751 
791 
854 
866 

884 

905 

942 

974 

1059 

1150 

1163 

1091 
1118 

9 

10 
12 

Braddooka, 

Rrintons, 

Oak  Hill, 

Turtle  Creek, 

Sprinirhill 

18 

^aii*s  ..:::.::::: 

15 

Stewarts, 

t  arpenters, 

17 
19 

Lanmers 

Irwins.  Youghiogheny  R,  R.<, 

{See  Table  5.) 

Sbafton, 

Manor 

21 

22 
28 
24 

Penn 

26 

Orapeville, 

Radebauf^bs,    ... 

MoOrann's  tunnel  (west  face) 

Oreensburg,  B,  3f.,  east  face 
of  Oreensburg  tunnel^  on 
top  of  rough  part  of  sec- 
ond  course  Jrom   bottom 
♦•72"  1079  52, 1086.68,  ocean 
leveL    S.  W.  Penn'a  R,  R. 
junction^  SySOO  feet  east  of 
tunnel  elevation  ;  l,06Sfeet 
above    high    tide    in    the 
Schuylkill  river,  at  Phila,, 
and  1,070  feet  above  ocean 
level,       

Blalrsville  intersection,  (see 
Table  16,)  W.  P.  R.  R.,   .  . 

28 
29 

81 
54 

2.   Sonth-West  Fennsylyania  Ballroad. 

(Table  33  of  Report  N.) 


Above 
tide. 

Ocean 

level. 

Distance 
from 
Oreensburg. 

1081 

1091 

1068 

1070 

1055 

1062 

1 

994 

1001 

3 

972 

979 

960 

967 

6 

950 

957 

6 

947 

954 

945 

952 

8 

936 

943 

938 

945 

1044 

1051 

1092 

1099 

18 

1138 

1145 

Oreensburg, 

Oreensburg  Junction,  junction  with  P.  R, 
R,  near  Oreensburg  ;  {see  Table  1, ) 

East  Oreensburg, . 

HufA.  

County  Home, 

FosterviUe,        

Toungwood, 

Jack's  Run, 

Palncersville,     

Hewickley  Creek, 

Hunker*s, 

Bethany, 

Tare's,  

Htoner's  Summit, 

9 
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Above 
Ude. 


Ocean 
level. 


I     Dimaooe 
I        from 
j  Greensburg 


Hawk  Eye,  .  .  .  . 
Sootidale,  .  .  .  . 
Jacob's  Creek,  .   .   . 

Evenion 

Valley  Works,  . 
Pennsville  Summit, 

Pennsville 

Davidson 

Gonnellsville,    .  .   . 


1060 
1035 
1027 
10*27 
1068 
1086 
1047 
891 
908 


1067 
1042 
1084 
1034 
1075 
1093 
1054 
808 
915 


18 

19 
20 
25 


The  levels  of  the  Soathwest  Pennsylvania  R.  R.  were  furniahed  by  Mr.  G. 
W.  Lenffer,  Engineer. 
The  datum,  or  base  of  levels,  in  ordinary  high  tide  at  Philadelphia. 


2a.  South-West  Fennsylvanta  Bailroad  Extension. 

(Table  159  of  Report  N.) 


I 


HTATIONS. 


Connellsville,  crosses   Baltimore    and  Ohio  i 
Bailroad,   Pittsburgh  Division  here,  on  a 
Bridge,  (see  Table  4.) 

Subgrade  Pier  No.  1,      

Ordinary  water  in  Youghiogheny  river  at 
Bailroad  bridge,  South-west  Pennsylvania 
Bailroad,       .       .   .  

New  Haven, 

Wheelerville, 

Dunbar, 1 

Ferguson 

ML  firaddock,  (deep  cut;  original  surface 
1,283.5,)     .  .  .  " 

Lemonf 1 

Uoggsett'sMill,  I 

Uniontown,  Main  street  and  Broadway,    ...  I 


Levels  on  extension  of  Southwest  Pennsylvania  Railroad  were  furnished 
by  Mr.  John  C.  Oliphant,  Engineer. 

Datum  is  high  tide  in  Schuylkil  River,  Philadel  phia.  Add  7'  for  Ocean  level . 
For  the  surveys  an  artificial  datum  was  assumed,  as  shown  in  column  1.  Col- 
umn 2  gives  this  corrected  for  high  tide  at  Philadelphia.  Column  3  corrected 
for  Ocean  level. 

This  road  crosses  the  Youghiogheny  at  Connellsville,  and  keeps  up  Dunbar 
Creek  over  to  Uniontown,  parallel  with  the  Fayette  Branch  of  the  Baltimore 
and  Ohio  Railroad,  Pittsburgh  Division.     (See  Table  5.) 


I§ 

00* 

-§ 

n  08 

>"2 

>  s 

S  > 

5- 

ii 

^® 

< 

< 

159.5 

1 
1 

908 

915 

153.6 

902 

909 

118 

866 

873 

138 

886 

893 

144 

892 

899 

246.4 

995 

1002 

876.2 

1125 

1132 

448 

1196 

1203 

274.8 

1023 

1080 

205.7 

954 

961 

234.2 

983 

990 
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3.  Youghiogheny  Bailroad.* 

(Table  84  of  Report  N.) 


Irwln'a  Station,  P.  R.  R.,  junction  with  P.  R,  H.  at  Ir- 
win's Station^  {See  Table  1.) 

Shall  No.  2, 

Tunnel,        

Chamber^', 

McGrew'B, 

Millgrove,  

Little  Sewlckley,  firit  crossing  Little  Sewickley  Creek 

Marcbanda,  Youghiogheny  Mine  No.  i,  ... 

Shaft  No.  3,  elevation  of  coal  760*4  above  tide, 

Youghiogheny,  Youghiogheny  mine  No,  2,  elevatiofi  of 
coal  776' 4  above  tide,      ... 

Sewtckley  Station,  mine  No.  4,  elevation  of  coal  open- 
ing at  this  point,  800' 4  above  tide, 

R.  R.  Junction  ;  junction  with  B.  dt  O.  R.  H.,  formerly, 

PUlsburgh  and  Connellsville  R.  R.,{See  Table  ^.)  •  •   • 


Above 
tide. 

Feet. 

877 
986 
1104 
1076 
974 
857 


Ocean 
level. 


I^eet. 

884 
993 

nil 

1082 
981 
864 


783 
766 

790 
778 

776 

788 

778 

780 

761 

768 

4.  Baltimore  and  Ohio  Bailroad— Pittsburgh  Division.t 

(Formerly  Pittsburgh  and  Connellsville  R.  R.) 
(Table  150  of  Report  N.) 


STATIONS. 


Pittsburgh,    B.  A  O.  R. 
Water  streets  depot,  , 
Birmingham  Bridge, .   . 

Soho, 

Copper  Works,    .... 

Langhlin, 

Frankstown, 

Haadewood, , 

Grove, , 

Brown, 

Saltworks, 

City  Farm, 

Braddocks, 


R.,  Grant  and 


287 

761 

735 

237 

751 

735 

265 

769 

758 

249 

763 

747 

256 

770 

754 

269 

783 

7ff7 

275 

789 

778 

270 

784 

768 

243 

757 

741 

252 

766 

750 

247 

761 

745 

255 

769 

758 

3 
4 


6 

9 

10 


•The  elevations  on  the  Youghiogheny  R.  R.  were  copied  from  notes  in  the 
possession  of  Mr.  John  F.  Wolf,  engineer  Penn'a  Gas  Coal  Company,  West- 
moreland county.    The  datum  is  Penn*a  R.  R.  at  Irwin's  Station. 

fConsiderable  difficulty  has  been  experienced  in  adjusting  the  levels  of  the 
B.  A  O.  profile  to  agree  with  other  railroads  of  the  district.  The  elevations,  as 
given  in  Report  N,  Table  150,  are  manifestly  wrong.  The  following  foot-note 
accompanies  that  table : 

'*  Levels  on  B.  A  O.  R.  R.,  Pittsburgh  Division,  were  copied  from  the  profile 
in  th    office  of  the  company,  at  Connellsville,  Fayette  county.  Pa.    The  table 
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Stations. 


« 

^§ 

6 

-3 

s| 

•s 

5 

s> 

g 

c 

8  o 

33 

Port  Perry  Junction, 

Baltsburg, 

RivertOD, 

McKeesport, 

Long  Run, 

EUrod,     .  .       

Osoeola, 

AlpBTille 

Coultersville, 

Robbine, 

Guffey, 

Sbaner, 

Buena  Vista, 

Armstrong, 

Soott  Haven, 

Buter,  

Sewiokley,  Youghioghevy  B.  12.,  branch 

West  Newton, 

Snyders, 

Port  Royal, 

Smitbton, 

Jacobs  Creek, 

Bannings, 

Layt«>n, 

Oakdale, 

Laurel  Run 

Dawson,  Hickman  Run  Branch  i?.  72.,.  . 

Sedgwick,       

Broad  Ford,  junction   Mount  Pleasant 

Branch, 
ConnellsvlUe,  S,  W,  Ptnn'a  B,  B,,    (See 

Tables,) 


251 
261 
251 
251 
251 
254 
254 
254 
254 
254 
254 
254 

205 


265 
268 
274 
278 
278 
288 
290 
804 
885 
842 
850 
854 

859 

880 


765 
765 
765 
765 
765 
768 
768 
768 
768 
768 
768 
76tt 

779 


779 
782 
788 
792 
792 
797 
804 
818 
849 
856 
864 
868 

878 

894 


749 
749 
749 
749 
749 
762 
752 
758 
752 
752 
752 
752 

768 


763 
766 
772 
776 
776 
781 
787 
802 
833 
840 
848 
852 

867 

878 


11 
12 
14 
15 
17 
18 
20 
21 
22 
28 
24 
25 
26 
27 
28 
29 

80 
83 
35 
87 
39 
40 
41 
45 
49 

52 


55 
67 


of  levels  (as  formerly  published),  on  the  B.<fe  O.R  R.,  Pittsburgh  DiY.,wa8  cor- 
rected by  Mr.  J.  K.  Taggart,  assistant  engineer.  Datum,  as  noted  on  tbe  pro- 
file, IbSOO'  below  low  water  at  Pittsburgh,  aud  514'  above  mean  tide;  there- 
fore, 514'  has  been  added  to  each  elevation,  as  copied  from  profile,  to  get 
mean  tide  Baltimore=  ? ocean  level." 

Mr.  Carll  (Report  I,  p.  331)  bad  a  series  of  check  levels  run  in  Pittsburgh, 
whereby  the  track  of  the  B.  A  O.  R.  R.  depot  was  found  to  be  10.16'  lower  than 
Union  Depot,  B.  M.  This  would  practically  make  tbe  B.  <fc  O.  track  at  Pitts- 
burgh 735',  or  16'  low(»r  than  the  figures  in  column  2,  of  Table  150,  Report  N. 
The  first  column  gives  Pittsburgh  as  37'  above  low  water. 

Low  water=699.20  (Gardener. )  This  correction  makes  Pittsburgh  736.20,  or 
but  little  different  from  calculation  derived  from  Union  Depot,  B.  M.,  or  735'. 

The  latter  datum  (735')  has  been  accepted  by  Mr.  J.  L.  Randolph,  consult- 
ing engineer  B.  <fc  O.  R.  R.,  by  letter  of  December  16,  so  that  16 '  has  been  sub- 
traded  from  all  elevations  of  second  column  of  Table  150,  Report  N,  to  re- 
duce to  Ocean  level.  Even  as  at  present  adjusted,  these  levels  are  not  very 
satisfactory,  and  the  company  seem  to  have  very  little  appreciation  of  their 
real  value. 
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6.  Fayette  Branoh  P.  &  C.  Bailroad. 

(Pittsburgh  Division  B.  <fe  O.  R.  R.) 
(Table  166  of  Report  N.) 


Stations. 

* 

1 

■  >     _^— ^— ^_.^__^_^ 

Connellsville. 

White  Rook  junction  with  B.  d:  O.  R.  R.  just 

above  ConnelUville^ 

Fayette, 

Watts,       

Danbar, 

Ferguson,       .   .  ' 

Mt.  Braddook, 

Summit, , 

LemoDts,     

Evans,  

Hogssett's,     

Uniontown, 


Ooean 
level. 


Distance 

from 

Cohnellsville 


878 

891 

1 

905 

2 

975 

8 

995 

4 

1122 

1159 

7 

1195 

1068 

12 

993 

962 

965 

14 

Levels  on  this  branch  were  copied  from  a  profile  in  the  office  of  the  corn- 
pan  j,  in  Connellsville,  Pa.,  through  the  kindness  of  Mr.  W.  H.  Taylor,  Resi- 
dent Engineer. 

Datum— Mean  tide  at  Baltimore,  Md. 

This  road  runs  south-west  along  the  east  foot  of  Chestnut  Ridge,  towards 
the  Virginia  State  Line. 


6   Kt  Pleasant  Branch  F.  &  C.  Bailroad. 

(Table  157  of  Report  N.) 


Stations. 


Connejlsville,  .      .  .  .  . 

Broad  Ford,  junction  vHth  B,  dt  O.  R,  R., 
PUtahurgh  Division,  t,4  miles  belovo  Cbn- 
nelisville^ 

Morgans.      

Tinstinan's,  

Valley  Coal  Mine,  

8.  W.  Ps.  R.  R.  Crossing, 

Fountain  Mill, 

West  Overton, 

Iron  Bridge,      

Stauffers,     

Mt  Pleasant, 

End  of  road, 


Mean 
tide. 

Ocean 

level. 

Distance 
from 
Connellsville 


894 

878 

873 

857 

944 

928 

1076 

1060 

1035 

1019 

1040 

1024 

1042 

1026 

1045 

lOiO 

1051 

1085 

1057 

1041 

1086 

1070 

1083 

1067 

2 
8 

5 


7 

8 

9 

11 

12 


Data  obtained  as  in  Table  5.    This  road  runs  north-east  along  the  west  foot 
of  Chestnut  Ridge. 
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7.  Pittebnrgh,  MoKeesport  and  Yongbioglieny  Bailroad. 

(Branch  of  the  Pittsburgb  and  Lake  Efie  R.  R.) 


Stations. 


Pittsburgh,  B.  M.,   .   .   .  . 

9th  street,      

22d       »♦        

28th     '*        

80th      "        

Williamsburg,     

Beoks  Run.  .... 

Walton's  Tipple,  } 
Hays,  J  .   .  .  . 

Homestead, 

City  Farm, 

Rankin,       

Braddook, 

Bessemer, 

Port  Perry,        

Brown's  Tip  pie, 

Saltsburg, 

Demmler, 

Riverton,        

MeKeesportf     

Lynch,  ...  .... 

Sinn's,  (Quarry  Sidings,?  ) 

Boston, 

Greenoak, 

Duncan, 

Dravo 

Stringtown, 

Buena  Vista,     

8.  Buena  Vista, 

Soott  Haven, 

Atlantic  Mines, 

J>ouglaBS,  

West  Sewickley,     .... 

West  Newton,      

Cedar  Creek, 

Port  Royal, 

Sniitbton,  

Jacobs  Creek, 

Larimer, 

Bannings, 

Whittaett, 

Fuller, 

Layton, 

Layton  Quarry, 

Round  Bottom, 

Virgin  Run 

Oakdale, 

Dickerson  Run, 

Fort  Hill  Mines, 

Mayville,  

Broad  Ford  Junction,    .   . 
B.  <k  O.  connection,     .   . 
New  Haven, 


Ooean 
level. 


700 

TS!,1 

7Z7.7 
780.1 
780  24 

780.24 

755.5 

759.0 

742.0 

735.6 

739.2 

734.0 

740.0 

748.0 

742.45 

747.60 

764.0 

746.0 

742.51 

742.51 

756.0 

756  75 

756.76 

756.75 

766.75 

756.75 

762.0 

7620. 

762.0 

768.43 
776.0 
780.55 
78a  55 
785.0 

793.55 
793.55 

811.51 

827.0 

841.5 

853.54 
851.5 

873.0 

878.44 

804.456 


Disanoe 
,         from 
I    Pittsburgh. 


Si 
5 

7 
10 

14 
15 
16 

19 
2U 


25 


28 

29| 

33 

86; 

8a 
40 

48 
46 


54 

56 
58 


Elevations  on  P.,  McK.  it  Y.  R.  R.  were  furnished  by  Mr.  J.  Wainwrigbt, 
Chief  Engineer,  from  a  profile  in  the  company's  office  at  Pittsburgh.    This 
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road  is  a  branch  of  the  P.  <fe  L.  R  R.  K.,  and  runs  from  Pittsburgh,  up  the 
Yougbiogheny  river,  to  New  Haven,  opposite  GonnellRville.  The  elevations 
along  this  road  have  been  carefully  taken  and  revised,  and  are  to  be  relied  on 
before  those  of  the  B.  <fc  O.  R.  R.  and  divisions  on  opposite  side  of  river. 

Datum  is  low  water  in  Allegheny  River  at  Suspension  Bridge,  699.20  (Gar- 
dener) . 


8.  Monongabela  Division  of  Fennsylvania  Bailroad. 

(Formerly  Pittsburgh,  Virginia  A  Charleston  R.  R.) 


Stations. 


Pittsburgh,  Union  Depot,  B.  M., 

Fourth  avenue  station, 

Panhandle  Junction  ;  junction  with  Pitts- 
bur  gh,  Cincinnati  dt  at,  Louis  a.  /{., 

Nineteenth  street, 

Ormsby,  

Beck's  Run, 

Baldwin, ... 

Lucas, 

Hays 

Howard, 

Homestead, 

City  Farm, 

Munhall, 

Harden, 

Green  Springs, 

Kenney, 

Thomson, 

Oliver,         

Germantown, 

Cochran, 

MoKeesport, 

Dravosburg, 

Camden, 

lostock 

Coal  Valley, 

Wilson.  

Peters  Creek, 

Blair 

Wylie, 

East  Elizabeth, 

West        ••  

Jones, 

Walton, 

Hilldale 

BhireOaks, 

Coal  Bluff, 

Huston  Run, 

Courtney 

Riverview, 

New  Eagle, 

Monongahela  City, 

Biack  Diamond, 

Baird 

Webster, 

West  Columbia,   .• 

Bamford,  

Lock  Na  4 


Above 
tide. 

Above 
ocean. 

•   •   •   • 

IhPitis' 

738 

768 
776 
747 
763 
764 
763 
746 
748 
747 
744 
744 
742 
732 
743 
761 
746 
749 
749 
730 
734 
741 
787 
749 
743 
739 
744 
746 
738 
784 
741 
744 
787 
737 
738 
742 
747 
742 
739 
741 
740 
748 
748 
761 
760 
•762 

745 

760 
788 
764 
760 
761 
760 
763 
750 
764 
761 
761 
749 
789 
760 
758 
762 
766 
766 
737 
741 
748 
744 
749 
760 
746 
751 
762 
746 
741 
748 
761 
744 
744 
745 
749 
764 
749 
746 
748 
747 
766 
765 
768 
757 
759 

.  .  .  . 

Distance 

from 

Pittsburgh. 


.5 


2.4 
8.3 
4.3 

4.8 

6.6 

6.1 

7.4 

7.8 

8.3 

8.7 

9.1 

10.8 

11 

11.4 

11.8 

12.8 

12.9 

16.1 

16.7 

16.9 

17.6 

ia2 

18  9 
19.3 
20.1 
20.6 
22.0 
22.4 
23.2 
23.8 
24.6 
26.1 
26.6 
27.5 
28.3 
29.8 
30.1 
31.1 
82.4 
34.1 
35.1 
36.3 
37.3 
39.8 
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Stations. 


Above 
tide. 


Above 
ooeaw. 


Distance 

from 

Pittsbnif^h. 


McKeati,         

Bellevernoxi,     

Ailenport, 

Laoyville,      

Woods  Run, 

Coal  Centre, 

California,      

West  BrownavWe  Junction, 
West  BrotPHSvilUt     .... 


o 

< 

m 

K 

O 

H 
«D 
A 

C4 


< 


Linn,        

Tippecanoe, 

Smock's .   .  . 

Wolf  Run, 

Upper  Middletown, 

Vance  Mill  Junction,     .  .      

Walker's,  .   . 

Redstone  Junction,  &  W.  JPa,  R,  R,y 

Uniontown,  {See  Table 8 a,) 


761 

754 

752 

764.6 

753 

767 

754 

766 

760 

775 

847.6 

866.2 

888.4 

904 

916 

916 

944 

988 


758 

761 

769 

76L5 

7611.0 

764.0 

761.0 

778.0 

767.0 

782.0 
854.6 
878.2 
895.4 
911.0 
928.0 
952.0 
951.0 
990 


41.1 
42.8 
44.9 
47.0 
47.8 
-49.7 
5D.2 
53.3 
54.3 

65.1 
58.9 
60.9 
68.0 
64.8 
66.6 
69.2 
69.8 
7a7 


Levels  on  the  P.,  V.  A  C.  R.  R.  were  copied  from  a  profile  in  the  office  of 
the  company,  at  Pittsburgh,  by  permission  of  Messrs.  D.  M.  Watt  and  F.  F. 
Robb,  Superintendent  and  Engineer. 

Datum -P.  R.  R.  levels. 

This  road  ascends  the  west  bank  of  the  Monongahela  river  (after  crossing 
to  near  Birmingham  on  a  bridge),  from  Pittsburgh  to  West  Brownsville,  5441 
miles.  From  West  Brownsville  Junction,  53.8  miles,  the  Redstone  Branch  R, 
R.  extends  up  the  creek  of  that  name,  to  Redstone  Junction,  on  the  South" 
west  Pennsylvania  Extension,  about  one  mile  below  Uniontown. 


9.   Monongahela  Biver  Blaokwater. 

Elkvation  of  Water  in  Pools. 

Above  ocean 
leveL 
Pittsburgh  ;  low  w%ter  in  the  Allegheny  River  at  the 

Suspension  Bridge^ 699.20 

Pool  No.  1, 709.69 

Pool  No.  2 717.87 

Pool  No.  3, 729.30 

Pool  No.  4, 788.19 

Pool  No.  5,      760.40 

Pool  No.  6.      768.00 

Pool  No.  7,      774.80 

Elevations  furnished  by  Mr.  J.  Wainwright. 

Datum— Pittsburgh,  B.  M.,  699. '20  above  ocean  level  (Gardener). 
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10.  Wheeling  Bivision,  B.  &  O.  Bailroad. 


Stations. 


Glen  wood,  diverging  point  of  the  Pittsburgh  and 
Wheeling  Divisions^  and  4.7  miles  from  Pitts- 
hurgh^      

Hope  Church, 

Wataontown, 

Reiley's»  

Miiler*8  GroTe, 

White  Hall, 

Carry'8, 

Wil8on*8, .  .   . 

Cochran 

Gastonville, 

Finleyville, 

Anderson, 

Crouches, 

Thomas, 

Gilkeaon, 

Kerrs, 

Wyland, 

Zediker,      

Brady  Summit, 

Washington^ 

Chartiers 

Coffee  Crooing, 

Taylonrtown,     

Clayville, 

Vienna,  

West  Alexandria, 

Valley  Grove, 

Point  Mills. 

Roney's  Point,   >  Branch. 

Triadelphia, 

Elm  Grove, 

Mt.  De  Chantel, 

Wheeling^   .  .  . 


FuU 


778 

760 

787 

925 

1035 

12()4 

976 

940 

882 

911 

930 

972 

1004 

1178 

1085 

970 

983 

1022 

1168 

1038 

1180 

1095 

1043 

1120 

994 

1177 

960 

890 

820 

725 

680 

699 

645 


Fut. 


760 

734 

771 

909 

1019 

1188 

960 

924 

866 

895 

914 

956 

988 

1162 

1069 

954 

967 

1006 

1152 

1022 

1164 

1079 

1027 

1104 

978 

1161 

944 

874 

801 

709 

664 

683 

629 


8    % 


ll" 


MilM, 


4.7 

5 

13J 

14 
16 
18 
19 
21 
24 
25 
27 
28 
80 
32 
34 
35 
89 

48 

47 
48 
51 
54 
57 
60 
64 
65 
66 
67 
70 
72 
75 


The  elevations  of  Wheeling  Division,  B.  <fe  O.  R.  R.,  were  mainly  fUmished 
by  Mr.  James  L.  Randolph,  Consulting  Engineer,  from  a  profile  marked  **  J* 
K.  Taggart,  3-14-78,"  in  which  Pittsburgh  is  shown  751',  A.  M.  T.,  and  Cum' 
berland  638',  A.  M.  T.  These  elevations,  as  recorded  by  Mr.  Randolph,  are 
given  in  column  1.  In  column  2  I  have  subtracted  16',  to  reduce  to  ocean 
level  and  agree  with  column  3  of  Table  4. 

Glenwood  is  not  given  in  Table  4,  but  from  profile  of  P.  A  C.  R.  R.,  its  cor- 
raoted  elevation,  760',  agrees  closely. 
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11.  Pittsburgh,  Cinoinnati  and  St.  Louis  Bailroad. 

(Table  180  of  Report  N.) 


Pittsburgh,  Union  Depot,    rSee  Table  1,)  .  . 
TiiTminKhAin,  south  side  of  Ohio  river,    .  .   . 

Jones  Perry 

Temneranoevilie, 

ShertdaQ,        .   .  

Cork  Run  Tannel  Sammit, 

Ingram, 

CrafcoD, ,  .   . 

Xul6wrO(JCl,  •••••  •••> 

Bridge  No.  3,  Chartiers  creek  crossing,     .  .   . 

Bridge  No.  4,  pubiic  road,         

Bridge  No.  5,  Campbell's  Ran, i 

Manstieid,  junction  tifith  Chartiers  JL   R,,  ' 
{See  Table  IS,) I 

Walkers  Mill, i 

Oakdale,         

Noblestown, 

Willow  Grove, 

McDonalds, 

Primrose, 

Midway, 

Bulger,  

Bulger  Summit, 

Bridge  No.  17, 

Burgettstown,  

Dinsmnre  Summit, 

Dinsmore, 

Hanlon's,    .   .  • 

Bridge  No.  19, 

Paris  Road,  

Pennsylvania  State  Line, 

Bridge  No.  22.  

Collier's,  in  Virginia, 

Halliday  Cove,  ...  ... 

Edington,  g  mile  east  of  the  Ohio  river, 

Ohio  River  Bridge,  91'  above  low  water  in  the 
Ohio  River, 

Steubenville.  Junction  of  C.  <£•  P.  R,  R,, 
River  Division,  is  not  at  Steubenville,  but 
at  Mingo  Junction,  three  miles  south. 
The  junction  of  the  two  railroads  is  made 
by  a  siding  on  a  heavy  grade,  and  the 
main  tracks  differ  at  the  junction,  in  ele- 
vation, by  some  JO*,  P.,  C.  <fe  St.  L.  rail- 
road being  higher. 


738 
769 
760 
760 
839 
864 
864 
872 
840 
807 
787 
764 

766 

826 

899 

919 

979 

972 

1014 

1099 

1149 

1166 

10  9 

1004 

1089 

1062 

936 

863 

828 

826 

818 

800 

714 

697 

712 


Ocean 

level. 


745 
766 
767 
767 
816 
871 
871 
879 
847 
814 
794 
771 

773 

833 

906 

926 

986 

979 

1021 

1106 

1166 

1162 

1016 

1011 

1096 

1059 

942 

870 

835 

832 

825 

807 

721 

704 

719 


Distance 

from 

Pittsburgh. 


4 

5 


8 
11 
14 
16 

18 

21 
28 


27 


32 


86 
89 
41.4 


'^  Levels  of  the  P.,  C.  A  St.  L.  R.  R.  were  copied  from  a  profile  in  the  office  of 
the  company,  at  Pittsburgh,  Pa.    The  profile  was  furnished  by  Mr.  S.  M.  Fel- 
ton,  Jr.,  General  Superintendent,  and  corrected  by  Mr.  M*  «!•  Becker,  Chief 
Engineer. 
Datum— Penna.  R.  R.  levels.    Add  7'  for  Ocean  levels  In  Column  2. 
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12.  Chartiers  Railroad. 

(Table  181  of  Report  N.) 


Stations, 


Mean 
tide. 


Ocean 
level. 


Distance 

from 
Mansfield. 


Mansfield,  junction  with  P.,  C.  if  St.  L.  R,  It», 

(See  Table  11,) 

Leasdale, 

Woodville, 

BridgevUle, 

Boyoes, 

Hill's, 

Greer's,       

Van  Emman's,     

Morganza, 

Cannonsburg, 

Houston's,      

Johnston's,        

Ewing's  Mills, 

Cook's,  

Washington, 


766 

773 

787 

794 

797 

804 

815 

822 

858 

865 

893 

900 

896 

903 

915 

922 

931 

938 

928 

935 

942 

949 

964 

971 

971 

978 

996 

1003 

1024 

1031 

1 

2 
4 

7 

9 

10 

11 

14 

15 

18 
20 
23 


fiieyatlons  on  Chartiers  Branch  R.  R.  were  farnislied  by  Mr.  M.  J.  Becker, 
Chief  Engineer  P.,  a  <fc  St.  L.  R.  R.,  Columbus,  Ohio. 
Add  7'  to  reduce  to  Ocean  level. 

13.  Pittsburgh  Levels. 

(Table  163  of  Report  N.) 
JSlevatUme  of  points  in  the  City  of  Pittsburgh,  Pa. 


Benoh  Marks. 


Window  sill  of  Monongahela  Incline  Plane,  check 
nouse,  ••....  ■... 

On  Belt-course  of  Union  Depot,  main  entrance, 

On  east  end  door-sill  of  Point  Breeze  hotel,  at  intersec- 
tion of  Penn  and  Fifth  avenue, 

On  belt<x>urse  of  Muushall's  distillery,  corner  Penn 
and  Waterstreet 

On  door-sill  of  postofflce, 

On  embankment  of  lower  (old)  reservoir,  Bedford 
avenue. 

On  embankment  of  upper  (old)  reservoir,  Bedford 
avenue,  .   . 

On  flow-line  of  Highland  avenue  (new)  reservoir,  .   . 

On  flow-line  of  Herron  Hill  (new)  reservoir,    .  .   .   . 

On  flow-line  of  Brilliant  Hill  (new)  reservoir,  .  .  .  . 


City 

datum. 

Ocean 
level. 

4(17.075 
47.203 

1106.275 
746.403 

273.814 

973.014 

28.198 
51.554 

727.398 
750.754 

165.854 

865.044 

401.674 
365 
560 
235 

1100.874 

1064.200 

1259.200 

934.200 

Elevations  at  diflerent  points  in  the  city  of  Pittsburgh,  Pa.,  were  furnished 
by  Mr.  William  Martin,  Assistant  Engineer. 

Datum— Z^ou'  water  in  (he  Allegheny  river  at  the  Suspension  Bridge,  which 
according  to  Mr.  James  T.  Gardener's  determination,  is  699.20'  above  the  mean 
surfaoe  of  the  Atlantic  Ocean.    See  page  655,  vol.  I,  Hayden's  Geological  Sur- 
vey Report  of  1878. 
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14.  Pittsburgh  LeTels. 

(Hee  Report  Is,  p.  880.) 


B.  M.  Union  I>epot,  .... 
Allegheny  Valley  R.  R.  B.  M., 
West  Penn.  R.  R.,  J  unction 

P.,  Ft.  W.  A  C.  R.  R.. 
East  Lane  orom1ng,W.  P.  R.R., 
East  Lanecroesing,  W.  P.  R.R , 

East  Lane  crossing,  W.  P.  R.R., 
Sycamore  St.  crossing,  W.  P. 

R*    R.y 

Sycamore  St  crossing,  W.  P. 

R.  R., 
Sycamore  St.  crossing,  W.  P. 

R.  R.«    .    . 
ConneliBville  (B.  A  O.  depot,) 

B.  M., 


Pittsburgh  oil  well  on  Boyd's 

Hill 


4.14 

6.51 
8.58 
7.43 

1.82 

3.86 

7.43 

1.60 

10.16 

7.35 
0.10 

107.02 


Accepted  elevation,  .   . 

Below  Union  Depot,  B.  M.    .  . 

Below  Un'n  Depot,  B.M.(Carll) 
Below  Un'n  Depot,  B.  M.(Carll) 
Above  ocean  by  W.  P.  R.  R. 

profile. 
Too  high  by  W.  P.  R.R.  profile. 

Below  Un'n  Depot  B.  \f.(Carll) 

Above  ocean  by  W.  P.  R.  R. 

profile. 
Too  high  by  W.  P.  R.  R.  profile, 

Below  Un'n  Depot,  B.  M.  (Carll) 
Above  mid-tide  Baltimore  B.  A 

O.  profile. 
Too  low  by  B.  A  O.  R.  R.  profile, 

Above  Union  Depot  &  M.,   .  . 


745.26 
741.12 

738.76 
741.68 


74L40 


785.10 


852.28 


The  above  levels  were  taken  by  Mr.  John  U.  Carll,  1876-1877,  for  the  pur- 
pose of  rectifying  the  system  of  railroad  and  oil  well  levels  throughout  north- 
west  Pennsylvania. 

Datum— ZfOtp  water  in  Allegheny  River  at  Suspension  Bridge^  699'.20,  from 
which  Union  Depot,  R  M.,  was  determined=745'.26  above  Ocean  level. 

16.  Allegheny  Valley  Bailroad. 

(IVible  164  of  Report  N ;  corrections  in  Report  la,  p.  889.) 


Stations. 


Pittsburgh  Union  Depot, 

McCandleHs, 

Sharpsburg, 

Brilliant 

Waring, 

Wildwood,      

Sandy  Creek,     

Armstrong's,      

lona, 

Verona,     

Edgewater,      

Hulton, 

Johnson,      

Logan's  Ferry,     .... 

Parnassus, 

Arnold 

Camp  Ground, 

Tarentum, 

Cbartiers 


Abovs  Ocean. 


Profile 
elevt'n. 


745 


747 


745 


769 
755 
762 
792 

777 


Corrected, 
levels. 


745 
740 
745 
747 
747 
747 
746 
746 
746 
746 
761 
778 
760 
757 
763 
793 
789 
778 
765 


Miles  from 
Pittsburgh. 


3.4 
4.4 

6.0 

6.6 

7.7 

8.8 

9.8 

9.9 

10.3 

11.2 

11.8 

15.1 

16.5 

17.4 

19.0 

20.7 
22.2 
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Stations. 


Soda  Works, 

Graver's  Ferry,  .  . 

We*t  Penn   Junction ;    (junction  with 

W.  P.  n.  /?.,   (See  Tablet) 

KittanniDg, 


Abovb  Ocean. 


Profile 
elova'n. 


790 
800 


Corrected 
levels. 


Miles  from 
Pittsburgh. 


761 

785 

791 
810 


22.9 
27.2 

28.8 
44.6 


The  levels  on  the  A.  V.  R.  R.  are  the  Joint  prodaotion  of  those  obtained 
from  the  profile  of  the  oompany,  by  permission  of  Mr.  H.  Blaokstone,  Chief 
Engineer,  and  from  the  results  of  Mr.  J.  H.  Carli's  surveys  in  1877. 

Datum— Penna.  R.  R.,  at  Pittsburgh. 

16.  West  Fenn  Bailroad. 

(Table  28  of  Report  N,  and  correotions  in  is,  p.  340.) 


Stations. 


Pittifburgh  Union  Depot,  B.  M.,       ... 
Junction  with  P.,  Ft.  W.  A  C.  R.  R.,  (See 

Table  14,) 
Allegheny  City,  Bast  Liane,  (See  Table 

H) 

Bennett,    .  .  

Sliarpsburg,  Main  street^ 

Roes,      

Fairview, 

Harmersville,        

Springdale, 

Bailey's  Run, 

Tarentum, 

Natrona,      

Kams, 

Sligo,     

Butler  Junction;    junction  of  Butler 

Branchy 

Freeport,( Depot,)    .  .  .  .   . 

A.  V.  R.  R.  Crossing,  (See  Table  15,) 

Hill's  Mills,  

Grinders 

Townsend*8  Summit, 

Apollo, 

Roaring  Run, 

North-west, 

Salina, 

Helma, 

FairbanksCoalR.  R.  Connection,    .  .  . 
Grade  near  mines,      i  n^^^^h  r.—  S 
Bottom  of  coal  bed,  { ^^^^^^  -^»~«.  ]     . 

Saltsburg,  Market  street, 

Livermore, 

Blairsville,  Market  street  station, 

Blairsville  Intersection,  junef ton  with  P. 

R.  R.,   (See  Table  1,) 


Abovb  Ookak. 


Profile 
elevt'n. 


•  •   .  . 


748 
741 
739 
746 
741 
743 
749 
763 
757 
768 
768 
775 


785 
780 
827 
887 
828 
830 
894 
955 

1017 
988 

1118 

1140 
891 
945 

1011 


Corrected, 
levels. 


Distance 

from 

Allegheny 

City. 


745. 26 
788.75 
742.00 


.  •  •  • 


769 
772 
791 


1113.00 


2 
5 
8 

12 
16 

20 
21 
23 
24 

27J 

28 

29 


87 
89 
42 

45 


49 
58 
68 

66 
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EleTations  in  Allegheny  County.* 

Gity  of  Pittsburgh, 

Above 
tide, 

Winebiddle  estate,  north  of  East  Liberty ;  country  pit,  PitU- 

burgh  Coal,     .   .  1089' 

Irwin  oountrjr  pit,  bead  of  Forbes  avenue, 1108 

English  pit,  west  of  Nine-Mile  Run, 1102 

Fleming  pit,  Forward  avenue,      1007 

Cannon  pit,  north  of  Brown's  Chapel, 1064 

Country  pit  on  east  side  of  same  outcrop, 1084 

Brown's  pit,  above  B.  A  O.  R.  R.  trade,     lOiO 

Coleman  pit,  near  Penn  township  line,      1150 

PitUburgh  Coal  at  head  of  Wiidwood  avenue, 1120 

Pit  on  Duquesne  Heights,  Little  Saw  Mill  Run,     1011 

Pit  in  32d  ward,  on  Southern  avenue,     1011 

Pit  in  SOth  ward,  river  outcrop, 1081 

Pit  on  branch  of  Saw  Mill  Run,  Washington  avenue,     .  .  .1041 

Pit  at  head  of  Incline  Plane,  27th  ward, 1021 

Pit  at  head  of  2lBt  street  incline,    .  .      1021 

Pit  at  head  of  SOth  street  incline,      1031 

Rearendof  this  pit  in  Lower  St.  Clair, 1021 

Fox  pit  on  plank  road, <1035)  1023 

Country  pit,  forks  of  Saw  Mill  Run,  north-east  of  West  Lib- 
erty   ...    991 

Pittsburgh  Coal  at  head  of  south-west  fork,  near  St.  Clair 

hotel,  .   .  981 

Banksville  pit,  Union  township, .  (955)  969 

Penn  township, 

Billingstein  and  McKenzie  pit,  head  of  Nine-Mile  Run,     .     1130 
Elevation  of  Pittsburgh  coal  in  Westinghouse  well,     .... 

F.  Ellis'  pit,  head  of  Nine-Mile  Run, 1148 

Mason's  country  pit, 1148 

Benjamin  Elms', 1148 

Eder's  pit  on  Wyn man's  property, 1133 

N.  Y.  <fc  C.  Co.  Sandy  Creek  pit,  entrance  at  trestle  on  same 

crop,  .  ....  1128 

Grade  of  Sandy  Creek  railroad  in  Sandy  Creek  village,     .   .   806 
Graver^s  mine,  Saltzburg  road,  north-east  from  Sandy  Creek 

village, 1131 

Country  pit,  Sandy  Creek  road,  north  of  school  house,  .  .  .  1081 

John  Stewart's  pit,  Saltzburg  road,      1129 

New  York  and  Cleveland  Gas  Coal  Company,   No.  2,  pit 

mouth, 1079 

Water-pit  at  end  of  No.  2  tunnel,       1061 

Pit  on  Pucketa  road.  Morrow's  kiln, .  1051 

*  Unless  otherwise  stated,  in  all  cases  where  coal  pits  occur  in  the  following 
ables,  the  Pittsburgh  Coal-bed  is  referred  to. 
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Above 
tide. 

C.  Cunllff 'a  pit,  .... 1051 

Johnson's  pit,  south-east  oorner  of  township, 1040' 

Water  pit  of  Plum  CreeJc  mines,  N.  Y.  A  C.  G.  Coal  Co.,   .  .  1066 

Plum  Creek,  main  pit  mouth,  .^ .  .      1086 

Gray *s  pit,  east  of  Catholic  oburch,  Plum  township, 1084 

Miller's  pit.  Plum  township, 1081 

Chartlers  township. 

Pittsburgh  Coal,  above  Sheridan  station, 1100 

Wettingill  &  Gormley's  pit, 1068 

Hodgson's  pit 1079 

Summit  of  Craflon  road, 1179 

Craft's  pit  on  east  side  of  Crafton  road, ....  1010 

Phoenix  pit,  No.  1,  on  Chartlers  railroad  branch,  Idlewood 

station,      972 

Phoenix  water  pit,  No.  2,  on  south-east  side  of  hill, 959 

Sterrett  drift,  north  of  cross  roads, 976 

Fox's  new  pit,  north  of  Washington  pike, ....  1010 

W ilk  Ins  township. 

Dickson's  pit,  east  of  Swissvale 1112 

McKelvey  coal,                   1097 

Duquesne  mine,  main  pit,   ^                   1092 

Duquesne  mine,  entrance  to  third  hill, 1081 

Duquesne  mine,  entrance  to  fourth  hill, 1075 

Duquesne  mine,  rear  pit  to  fourth  hill,  Muokle  Rat  Hollow,  1065 

Hampton  mine  pit, 1097 

Wy man  A  Sutton's  country  pit,     ......                    .  .  110) 

Montgomery  pit,  in  ravine  south-west  from  Lime  Hill  school 

house, 1057 

Oak  Hill  mine  No.  3,  Thompson's  Run, 1016 

Chalfant  pit,  (P.  Kenyon),on  Greensburg  pike, 1010 

Campbell's  pit,  Elliott's  farm,  north  of  Brad  dock, 1057 

Corry  pit,  east  from  Hawkins  station,  P.  R.  R., 1068 

Country  pit  on  hill  north  of  Hawkins  station,  P.  R.  R.,        .  1073 

Railroad  beneath  Oak  Hill  Colliery,  No.  4,  Pation  township,  795 

Oak  Hill  mine,  No.  4,            1033 

Pit  opening  on  west  outcrop,  about  1  mile  south-n  est  of  Oak 

Hill,  No4, 1041 

Rear  or  south-east  end  of  this  tunnel,  Patton  township,     .   .  1025 
South-east  end  of  main  tunnel,  at  Mrs.  Clugstone's,  Patton 

township,     ...          1080 

Pittsburgh  Coal  at  school  house.  No.  1,  in  main  tunnel,  Pat- 
ton township,  1062 

Pittsburgh  Coal,ln  ravine  1^  miles  north-east  from  Oak  Hill, 

No.  4,  Patton  township, 1070 

Country  pit  in  ravine  south-west  from  Monroe ville.  Northern 

turnpike, 1100 
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Above 
tide. 

North  Versailles  township. 

PiiUburgh  Coal,  Brown's  Saltzburg  mines,  face  adit,  ....  970 
Pittsburgh  Coalf  Brown's  Saltzburg  mines,  butt  adit,  .  .  .       085 

Pittsburgh  Coal,  east  end  of  engine  tunnel, 1026 

Pti(^«6tiryA  Ooa2,  south  tunnel,  daylight  at  Ludvriok's,  .  .  .  .1071 
PUtsburgh  Coal^  Tapley's  country  pit  on  (^rooked  Run,  .  .  1076 
Pittsburgh  Coal^  Brown's  opening  head  of  crop  on  Crooked 

Run,        ....  1085 

Pittsburgh  Coal,  Overholtz*s  country  pit,  south  of  Greensburg 

pike, '  .   .       .   .  1188 

PUtsburgh  Coal,  White's  pit,  north  side  of  Greensburg  pike,  1156 
Pittsburgh  Coal,  Michaels'  pit,  on  Greensburg  pike,  .  .  .  1186 
Pittsburgh  Coal^  Wallace  pit,  north  of  Greensburg  pike,  .  .  1181 
Pittsburgh  Coal,  Miller's  pit,  north  of  Greensburg  pike,    .  .  1196 

South  Versailles  township. 

Pittsburgh  Coal,  Foster  pit  near  North  Versailles  line,  .  .  .1124 
Pittsburgh  Coal,  Powers  pit,  north  of  Reservoir  Hill,  McKeeft* 

port,  1068 

Pittsburgh  Coal,  Mont  Blanc  coal,  F.  N.  McClure,  1178 

Pittsburgh  Coal,  John  Christy  pit,  north  of  Youghiogheny 

river,    ...  1128 

Pittsburgh  Coal,  Dewees  <fc  Co.  pit,  north  of  Youghiogheny 

river, .   .  1058 

Pittsburgh  Coal,  Alpsville  mine,  pit  mouth, 892 

Pittsburgh  Coat,  Osceola  mine,  pit  mouth,        955 

Pittsburgh  Coal,  J.  McClintock  pit,  east  of  Jack's  Run,  .  .  .  1148 

Scott  township. 

Pittsburgh  Coal,  on  George's  Creek  one-half  mile  from  Char- 
tiers  Creek,    ....  807 

Pittsburgh  Coal  crop  at  George's  Creek  forks, 857 

Nixon's  drift  on  Chartiers  Valley  R.  R., 826 

Bain's  drift  on  Chartiers  Valley  R.  R.,  Leaadale  station,     .   .  832 

Pittsburgh  Coal  crop,  pit  on  Scrubgrass  Run,      824 

Pittsburgh  Coal  crop,  pit  south  of  Woodville, 828 

Bower  Hill  coal  pit, 844 

Upper  St.  Clair  township. 

Coal  pit  on  Chartiers  Creek,  near  Soott  township  line,  .   .  .  .  817 
Chartiers  Block  Coal  Co.  drift,  on  Panther  Run,     .....  876 
Chartiers  Block  Coal  Co.  drift  one  half  mile  ftirther  up  Pan- 
ther Run,   ....          887 

Coal  pit  on  Connor  heirs'  property, 887 

Coal  pit,  McLaughlin's  Run,  D.  Gilmore  land 802 

Coalpit,  McLaughlin's  Run,  W.  Aber  land,      817 

Coal  pit,  McLaughlin  Run,  south  ot  S.  Collins, 882 

Coal  pit,  forks  of  run, 868 

Coal  pit,  W.  Andrews 868 
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Above 
tide. 

Baldwin  toionship. 

PittHbnrgb  Coal  (cbeok  house),  Hays  Beck  Ran  mine,    ...   970 
Pittsburgh  Coal,  entrauoe  to  first  tunnel,  Haya  Beok  Run* 

mine,    .   .  978 

Pittsburgh  coal  pit,  rear  end  of  Hays  works,  near  Matthews' 
place.  Saw  Mill  Run,    ...  ...  953 

Pittsburgh  Coal,  Fairbaven  bank,  east  fork  of  Saw  Mill  Run,    939 
Pittsburgh  Coal,  McDonough  pit,  in  ravine  near  Scott  town- 
ship line,  987 
Pittsburgh  Coal,  country  pit  near  crop  below  Castle  Shannon,    952 
Point  View  hotel,  Brownsville  road,                   ....         1224 

Pittsburgh  Coal,  Cowan's  pit,  on  Beaver  Branch  of  Street's 

Run, 965 

Pittsburgh  Coal,  pit  at  Grape  Vine  Inn,  branch  of  Street*s 

Run, 942 

B.  A  O.  R.  R.,  (Wheeling  Branch)  at  mouth  of  Beaver's  Run, 

about 844 

Reilly  pit,  north  side  of  Street's  Run,  at  this  point, 

Mifflin  towns  flip, 

Pittsburgh  Coal,  D.  Calhoun  country  pit,  east  from  Hays' 
Run, 1046 

Pittsburgh  Coal,  R.  Calhoun  country  pit,  head  of  West's 
Creek, 1058 

Pittsburgh  Coal,  G.  Wesley  country  pit,  head  of  branch  to 
Whiteaore  Run, 1040 

Pittsburgh  Coal,  Bellwood  mine,  head  of  Wbiteacre  Run,  .  1038 

Pituburgh  Coal,  Greeosprings  mine,  (Fawcett  &  Co.,)  head 
of  incline  plane, 1062 

Pittsburgh   Coaly  Greensprings  mine,   south  end   of  first 
tunnel, 1066 

Pittsburgh  C6al,  Greensprings  mine,  south  end  of  second 
tunnel, ...  1048 

Pittsburgh  eoal,    Greensprings   mine,  north  end  of  third 
tunnel, 1088 

Pittsburgh  Coal,  Cochran  country  pit  on  road,  branch  of 
Thompson's  Run, .   992 

Pittsburgh  Coal,  country  pit  on  road,  rear  of  Colonel  John 
Neel's  workings,  968 

Pittsburgh  Coal,  Neel  &  Oliver  mine  (abandoned)  at  Ger- 
mant  wn,      ....  966 

Pittsburgh  Coal  opening,  point  of  hill,  Neel  A  Oliver  work- 
ing^ ....  ...  956 

Pittsburgh  Coal  old  pit,  Neel's  lower  coal  works,  (abandon- 
ed,) . 946 

Pittshurgh  Coal  Neel's  third  and  largest  opening,  opposite 
McKeesport, 946 

Pittsburgh  Coal,  Stone  mine,  head  of  incline,  (Coal  Valley 
mines,) 966 

10 
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Above 
tide. 

PUtehurgh  Coal,  Stone  mine,  entrance  to  second   tunnel, 

branch  of  Thompson's  Run,     .  073 

ntUburgh  Coal,  Stone  mine,  rear  of  second  tunnel,  south 

side  of  Thompson's  Run,    .  .  985 

Pitt  burgh  Coal,  Stone  mine,  entrance  to  third  hill,  north- 
east of  Union  Church,  Thompson's  Run,      1004 

Pittsburgh  Coal,  Stone  mine,  entrance  to  third  hill,  I  mile 

west  of  Union  Church, 1005 

PUtaburgh  Coal,  Stone  mine,  pit  on  public  roai,  north  of 

Gilday's  B.  S.  S., 1014 

Pittsburgh  Coal,  Amity  mine,  (J.  C.  Risher  A  Co.,)  pit  in 

hollow, 977 

Morton  Summit,  north  of  Amity  mine  pit, 1200 

Pittsburgh  Coal,  Risher*8,  rear  pit  mouth,  entrance  to  second 

hill,  north  side  of  Thompson's  Run,    .  .   . 1004 

Pittsburgh  Coal,  Camden  mine,  head  of  river  incline,    .  .  .   943 
Pittsburgh  Coal,  Camden  mine,  pit  in  ravine  east  of  Lebanon 

Church,  ....  1087 

Pittsburgh  Coal,  Alequippa  mine,  head  of  Incline  on  river,    921? 
Pittsburgh  Coal,  Alequippa  mine,  rear  of  post  tunnel,  .   938 

Pittsburgh  Coal,  Alequippa  mine,  entrance  to  second  hill,   910 
Pittsburgh  Coal,  (Snodgrass)  Rock  Run  mine,  entrance  to 

second  hill,  ....  .  .938 

Pittsburgh  Coal,  country  pit  on  public  road  at  Lebanon  P.  O.,  984 
Pittsburgh  Coal,  McGowan  pit,  north-went  of  Lebanon  P.  O.,  1000 
Pittsburgh  Coal,  country  pit  at  head  of  Pine  Run,       ....  1030 

Pittsburg n  Coal,  Rath  country  pit,  head  uf  Lewis  Run,    .   .  1047 
Patterson  Summit,  east  of  U.  P.  Church,    ...  ...  1295 

Pittsburgh  Coal,  pit  on  Weir  farm,  on  branch  of  Street's  Run,  1038 
Pittsburgh  Coal,  John  McKee  pit,  head  of  crop  on  Street's 

Run,  ...  ...  945 

Pittsburgh  Coal,  Patterson  pit,  on  Patterson  branch  of  Street's 

Run 1013 

Pittsburgh  Coal,  Hays'  lower  pit,  (south)  east  side  of  Street's 

Run, 998 

Pittsburgh  Coal,  Hays'  water-level  drift,  north  of  last,  Street's 

Run, 990 

Pittsburgh  Coal,  west  entrance  to  south  tunnel  to  Hamilton 

Hollow, ...  .  1010 

Pittsburgh  Coal,  east  entrance  to  south  tunnel  In  Hamilton 

Hollow,      .  ...  1014 

Pittsburgh  Coal,  west  entrance  to  middle  tunnel  to  Hamilton 

Hollow,  1018 

Pittsburgh  Coal,  west  entrance  to  north  tunnel  to  Hamilton 

Hollow, 1012 

Pittsburgh  Coal,  east  entrance  to  north  tunnel  in  Hamilton 

Hollow, 1012 

Pittsburgh  Coal,  Risher 's  new  opening  in  branch  of  Hamilton 

Hollow, 108 
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PUtsburgh  Coal,  Hiil*8  country  pit  at  head  of  crop,  Hamilton 

Hollow, 1085 

Pittsburgh  Coal,  Rlsher*s  oonntry  pit  at  head  of  east  fork,    .  1030 

Pittsburgh  Coal,  Miller's  pit,  in  flat,  at  head  of  West's  Run,  .  1032 

Jefferson  township. 

Pittsburgh  Coal,  O'Neill  mine,  Aber  ooal,  south  sid&  Coal 

Valley, 879 

Pittsburgh  Ooal,  at  drift  on  opposite  side  of  Coal  Valley,    .  .   900 
Pittsburgh  Coal,  at  drift  at  head  of  Coal  Valley,  Mifflin  town- 
ship line,  912 

Pittsburgh  Coal,  Foster,  Clark  A  Wood's  mine,  head  of  in- 
cline,   901 

Summit  on  public  road,  over  Foster,  Clark  &  Wood's  work- 
ings,        1150 

Pittsburgh  Coal,  rear  pit  mouth  of  Foster,  Clark  &  Wood's 

mine,  on  branch  of  Lewis  Run, 876 

Pittsburgh  Coal,  Larges  country  pit,  on  hill,  south  side  Peter's 

Creek, 912 

Pittsburgh  Coal,  Walton's  lower  drift  mouth,  in  ravine  back 

of  West  Elizabeth, 976 

Summit  of  road  at  J.  Ray's  house,  limestone, 1181 

Pittsburgh  Coal,  Walton's  dilly  pit  mouth,  No.  2,  Robinson 

Run,  ...  946 

Redstone  Coal  bed  in  road  near  Tepe  school  house,    .   .      .   .  1021 
Summit  of  road,  Tepe  school  house,                                    ...  1071 
Pittsburgh  Coal,  outcrop  in  north  fork  of  Lobb's  creek,  north- 
east of  Converson's  store,    .  .  901 

Pittsburgh  Coal,  Walton's  (upper)  Calamity  pit, 884 

Pittsburgh  Coal,  Walton's  (lower)  new  Calamity  pit,  ....   871 

Summit  over  ooal  here, 1111 

Samuel  Heath's  flagstone  quarry 956 

Shepler's  house,      979 

Pittsburgh  Coal,  Shepler's  country  pit,  near  Peter's  Creek,    .   874 

Pittsburgh  Coal,  Dr.  Finley's  pit,  about, 870 

Pittsburgh  Coal,  Castor  pit,  on  public  road,      869 

Pittsburgh  Coal,  Peirce's  pit,  opposite  side  of  ravine,  ....    869 
Pittsburgh  Coal,  Hoffman's  pit,  in  hill  south  side  of  Peter's 

creek,      .  .   881 

Pittsburgh  Coal,  Bedell's  pit,  in  hill,  south  side  of  Peter's 

creek, 889 

Pittsburgh  Coal,  Bedell's  pit.  No.  2,  south  side  of  Peter's 

creek,  894 

Peter's  creek  at  Larges  bridge, 744 

Pittsburgh  coal,  Curry  pit,  in  ravine,  east  side  of  Lick  Run,  .   986 

Pittsburgh  Coal,  Hindman  pit,  in  same  ravine, 991 

Pittsburgh  Coal,  Doughty  pit,  east  of  Cochran's  Mill,  east  side 

of  Lick  Run, 1001 

Pittsburgh  Ooal,  John  A.  Mowry's  pit, 982 
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Pitiaburgh  Ooal^  John  Snee  pit, 989 

IHUsburgh  Coaly  Snee's  pit  mouth,  Oillhall,     996 

PUUburgh  Coaly  Woodford's  pit, 984 

PUtsburgh  Coal,  Beam's  Mill 999 

Pittsburgh  Coal,  Espey's,  on  Lewis  Run, 997 

Pittsburgh  Coal,  Rankin's  pit,        991 

Pittsburgh  Coal,  Rankin's  old  pit, 1008 

Pittsburgh  Coal,  Stewart's  pit,        917 

Pittsburgh  Coal,  Chamberlain's,        935 

PUtsburgh  Coal,  old  pit  on  Wilson  Run,  branch  of  LiokRun,   948 
Pittsburgh  Coaly  H.  B.  Wallace  pit,  near  the  Snowden  town- 
ship line, 981 

Snowden  township. 

Pittsburgh  coal,  H.  B.  Wallace  pit  near  Jefferson  line,  .  .  .  931 
Piitsburgh  Coal,  Long  pit  mouth,  ....       966 

Pittsburgh  Coal,  James  Wilson  pit  mouth,  west  side  of  Lick 

Run,  958 

Pittsburgh  Coal,  McElhaney  pit  mouth,  969 

Pittsburgh  Coal,  John  Wallace  pit,  west  side  of  Lick  Run,     .   998 

Pittsburgh  Coal,  King's  pit,  further  south, 1027 

Pittsburgh  Coal,  Aber's  (Woods)  pit,     1017 

Pittsburgh  Coal,  Aber's  second  pit,  1001 

Pittsburgh  Coal,  Brown's  pit,  1016 

Pittsburgh  Coal,  crop  at  head  of  Little  Piney  Fork, 939 

Pittsburgh  Coal,  Glenn's  pit.  Cat  Fish  Run,     .919 

Pittsburgh  Coal,  Harger's  pit.  Cat  Fish  Run,  977 

Pittsburgh  Coal,  Handle's  pit,  Clydesdale  stock  ikrm,     ...   987 

Pt«<6uri;A  Coa^  Miller's  pit  on  Piney  Fork, 988 

Pittsburgh  Coal,  Rigg's  pit  on  Piney  Fork, 1009 

IHttsburgh  Coal,  Good  boy's  pit,  .  .       .   .    955 

Pittsburgh  Coal,  Bedell's  old  pit  (PitUburgh<feChicago,No.l)  923 
IHttsburgh  Coal,  Bedell's  new  pit,(Pitt8burgh  A  Chicago,  Na 

2,)  896 

Summit,  Twelve  Mile  House,  near  Washington  county  line,    1168 

Pittsburgh  Coal,  at  Bowie's  pit  on  Library  road, 1008 

Pittsburgh  Coal,  Higbee's  pit  on  Library  road,       1008 

Pittsburgh  Coal,  Sie hold's  pit  on  Library  road, 988 

Pittsburgh  Coal,  Potter  pit, 988 

Library  village,  968 

Pittsburgh  Coal,  pit  on  Brownsville  road  400  yards  north 

Twelve  Mile  House, 1021 

Pittsburgh  Coal,  Nolan  pit  north  side  of  Piney  Fork,  on 

Brownsville  road, 1004 
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Elevations  in  Lincoln^  Elizabeth^  and  Forward  toion- 

ships. 

Above 
tide, 

PiUahurgh  Coal,  Hunter's  drift,  (abandoned,)  J ast  south  of 

Reynolds', 940' 

JPitUburgh  Coal^  Miller'sopeningonridgeroad,  south  of  Rey- 
nolds',     W6 

Pittsburgh  Coal^  Edmindston  mine,  J  miles  south  of  Junction 

of  rivers, 956 

Pittsburgh  Coal,  Penny  mines, 964 

Pittsburgh  Coal,  McCiure  ooai  pit, .   998 

Pittsburgh  Coal,  in  road  north  of  Phillips*  pit, 1060 

PitUburgh  Coal,  Phillips'  oountry  pit, 1088 

Pittsburgh  Coalf  crop  in  road  north  of  Jenny  Lind  school- 
house,     1108 

Pittsburgh  Coal,  Rob  bins  dk  Jenkins'  mine  on  Monongahela 

River 978 

Uill  summit,  Alexander  Calhoun's  place, 1229 

Pittsburgh  Coal  at  Alexander  Calhoun's,  between  forks  of 

Dead  Man's  Hollow, 1108 

Pittsburgh  Coal,  Crossdale  pit,  at  head  of  Harper's  Hollow^,  1098 
Pittsburgh  Coal,  Gumbert  &  Hewey,  rear  pit  on  west  fork  of 

Logan*8  Hollow, 1009 

Pittsburgh  Coal,  O'Neill's  (Brown's)  mine,  head  of  Logan's 

Hollow,     999 

Pittsburgh  Coal,  Cornell  A  Werling's  mine,  (Brown  A  Co.,) 

south  of  Boston, 989 

PitUburgh  Coal,  Cornell  A  Werling's  mine,  rear  pit  in  Wild 

Cat  Hollow, ...   895 

Pittsburgh  Coal,  Eagle  Nest  mine  on  Youghiogheny  river,  .  988 
Pittsburgh  Coal,  abandoned  pit,  Duncan's  Hollow,  on  P. 

McK.  A  Y.  R,  R.,  .   .   .  .       862 

Pittsburgh  Coal,  Dravo  pit,  near  Duncan  Station,     847 

Pittsburgh  Coal,  Lake  Shore  Gas  Coal  Co.,  old  Ciero  mine,  .   808 

Pittsburgh  Coal,  at  Stringtown  mines,  about      800 

PUtsburgh  Coal,  J.  H.  Henderson,  upper  pit  on  Wild  Cat 

HoUow, 836 

PUtsburgh  Coal,  J.  H.  Henderson,  lower  pit  on  Wild  Cat 

Hollow, 816 

Pittsburgh  Coal,  Daggart 'slower  pit  in  ravine,  branch  of  Wild 

Cat  Hollow, 816 

Pittsburgh  Coal,  Dsggart's  upper  pin  ravine,  branch  of  Wild 

Cat  Hollow, 821 

Pittsburgh  Coal,  Eioher's  oountry  pit,  south  side  of  Wild  Cat 

HoUow, 811 

PUUburgh  Coal,  Eicher's  county  pit,  north  side  of  Wild  Cat 

Hollow, 816 

Pittsburgh  Coal,  South  West  Gas  Coal  Co.  pit, 810 

Pittsburgh  Coal,  Boyd's  Hill  mines.  Ocean  Nos.  3  and  4,  W. 

L.  Scott  A  Co.. 811 
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I\tUburgh  Coal,  I  mile  farther  south,  along  P.,  MoK.  A  Y. 

PitUburgh  Coal,  Ocean  No.  2  mioe,  (W.  L.  Soott  A  Co,,)  on 

P.,  McK.  A  Y.  R.  R.,  807 

J*itt8burgh  Coal,  Atlantic  mines,  (Bly,)  north  of  Howell's 

Run, .790 

J^itUburgh  Coal,  Pacific  mines,  (Bly,)  south  side  of  Howell's 

Run, 819 

PitUburgh  Coal,  country  pit,  north  side  of  Howell's  Run,    .   797 
JPittsburgh  Coal,  south  or  water-pit  of  Pacific  mines  on  Doug- 
lass Run,   81 

Pittsburgh  Coal,  crop  west  of  B.  a.  S.,  on  Pierce's  Fork, 

Howell's  Ron, ...    *         ...    800 

Pittsburgh  Coal,  Weaver's  pit,  4200*  below  (north)  of  Pol- 
look's  Run,      ....  ...   888 

Pittsburgh  Coal,  country  pit,  500'  below  (north)  of  Pollock's 

Run, 88S 

Summit  on  road  below  Round  Hill  Church,  head  of  Pierce's 

Fork, ...  1092 

Bedstone  Coal  opening  at  head  of  Hayden's  Run,  (Falling 

Timber  Run,)  925 

Pittsburgh  Coal,  country  pit,  opposite  Hilldale  Hotel,       .   .   888 
Pittsburgh  Coal,  Horner  A  Roberts,  main  pit  at  Hilldale,  .  .   879 

Pittsburgh  Coal,  Homer  <b  Roberts,  new  pit, 882 

Pittsburgh  Coal,  Lovedale  pit  at  Lovedale,  .  .  953 

Pittsburgh   Coal,  Morton  pit  at  crop  on  south  branch  of 

Wiley's  Run, .908 

Pittsburgh  Coal,  Peter  Wedell  country  pit,  north  branch  of 

Wiley's  Run 980 

Pittsburgh  Coal,  bottom  of  shaft,  rear  workings,  of  Cornell 

&  Werling  mine, 955 

Pittsburgh  Coal,  O'Neill  mine  Just  south  of  East  Elizabeth 

on  Monongahela  River, 941 

Pittsburgh  Coal,  Wenona  mines,  on  Leech  Creek,              .   .    830 
Pittsburgh  Coal  pit  at  point  of  hill,  north  side  of  Leech  Creek,  855 
Pittsburgh  Coal,  Irwin's  abandoned  pit,                                  .    800 
Pittsburgh  Coal,  in  ravine  k  mile  from  river,  on  L.  S.  quarry 
track,  .....  780 


Pittsburgh  Coal,  H.  D.  O'Neill's  mine,  (McKnight  pit,) 

Pittsburgh  Coal,  Gardner  pit  at  Elkhom, 

Pittsburgh  Coal,  Old  Eagle  mine  at  Elkhorn,  .   . 

Pittsburgh  Coal,  Horner  pit,  \  mile  further  south-east, 

Pittsburgh  Coal,  Campbell  A  Bakewell  pit, 

Pittsburgh  Coal,  Rankin's  pit,  west  of  Sunnyside,  .  . 
Pittsburgh  Coal,  Milesville  mines,  west  or  new  entry, 
Pittsburgh  Coal,  Milesville  mines,  east  or  old  entry,  . 


833 
776 
770 
781 
812 
760 
790 
780 
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Elevationa  in  Washington  County. 

Above 
tide. 

Union  townsJtip, 

Oa6tonville  village,  B.  <ft  O.  K.  R.  track, 895 

Pittsburgh  Coal,  at  Pittsburgh  A  Chicago  Gas  Coal  Co.,  No.  I 

mine, .   926 

Pitteburgh  Coal,  Murphy  pit  at  Fry*B  place,  south  side  of 

Peter's  creek  at  Flnleyyille, 917 

JPittsburgh  Coal,  at  Fin  ley  pit,  south  side  B.  A  O.  track,  above 

Finleyville, 971 

Pittsburgh  Coal,  at  Rankin  (abandoned)  pit  on  Unlon-Not- 

tingliam  line,  .   .       964 

Summit  at  forks  of  road  south  (Mingo  creek  road,)       ....  1120 
** Great  Limestone,'*  200  yards  east  of  cross  roads  to  Cannons- 
burg,    .... 970 

Continuingonsouth-east  dip  to  Mingo  church,  at 940 

fievoicklty  (?)  Coal  crop  In  ravine  further  south-east,  at  .  .  856 
Redstone  Coal,  at  pumps  of  Buflklo  mines,  on  Mingo  creek,    836 

Pittsburgh  Coal,  at  this  point,  bottom  of  shaft,       765 

P*<<«6ur^A  0[;a2  outcrop  at  Mingo  covered  bridge.  ....  780 
Pittsburgh  Coal,  Courtney  mine,  on  river  at  Courtney  station,  774 
Pittsbvrgh  Coal,  at  Garfield  mine,  on  Mouongahela  river,  .  .  768 
Pittsburgh  Coal,  at  Buffalo  mine,  on  Monong^heU  river,  .  .  766 
Pittsburgh  Coal,  at  Cincinnati  (new)  mine,  ....   767. 

Pittsburgh  Coal,  on  P.  V.  A  C  R.  R.,  at  Huston  Run  station,   761 

Pittsburgh  Coal,  Co&l  Bluff  mine,     771 

PitUburgh  Coal,  Cliff  mine, 800 

Pittsburgh  Coal,  at  Banner  mine.  No.  1,      816 

i\<M&tir(7A* Coa/,  at  Banner  mine,  No.  2,  .  .   824 

Pittsburgh  Coal,  at  Hil Male  mine,  near  Allegheny  county  line,  869 

'    Peters  township. 

Pittsburgh  Coal,  Legler  mine,  north-west  of  Finleyville,  10  '4 
Bedstofie  Coal,  in  Brownsville  road  north-west  of  Legler  pit,  1089 
Great  limestone,  on  hill  near  Twelve  Mile  House,  .  .  1135 

Great  limestone,  in  cut  on  (abandoned)  Pittsburgh  Southern 

R.  R.,  south  of  Twelve  Mile  House,    .  .  1118 

Pittsburgh  Coal,  Boyer  pit,  south  side  of  grade,  Pittsburgh 

Southern  R.  R.,  .  1038 

Pittsburgh  Cpa/,  McGk)wan's  (Andre's)  pit,80uch-eastof  last,  1028 
Pittsburgh  Coal,  Peter's  creek,  No.  1,  mine,  near  Anderson 

station,  B.  <frO.R.  R., 984 

Pittsburgh  Coal,  Anderson  mine,  100  yards  further  south-west, 

north  side  of  Peter's  creek, 969 

Nottingham  township. 

Pittsburgh  Coal,  Nottingham  mine.  No.  1, 969 

Pittsburgh  Coal,  Nottingham  mine,  No.  2,  600  yards  south,  .     978 
Pittsburgh  Coal,  Phillips  pit,  south  side  of  creek  at  Anderson 
station, 981 
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Above 
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Carroll  totonsJtlp, 

PitUhurgh  Coal^  Mingo  mine,  at  Mingo  station,  P.  V.  A  C.  R. 

R., no 

Pittsburgh  Coal,  Gibson  pit,  on  road  up  Minico  oreek,  .  .  .  770 
Pittsburgh  Coal,  Lotink*s  pit,  beyond  grist  mill,  ...   780 

Pittsburgh  Coal  pits,  south  side  of  oreek  at  Mingo  bridge,  .  780 
Pittsburgh  Coal,  Ifew  Eagle  mine,  on  river  north-west  of  Mo- 

nongahela  City,  .   .  786 

Pittsburgh  Coal,  Dry  Run  mine,  north  of  Monongahela  City,  811 
Pittsburgh  Coal,  J.  Peters*  pit,  on  Pigeon  oreek.  Just  south  of 

Monongahela  City,     790 

Pittsburgh  Coal,  Tullman  and  Canday  pit,  Pigeon  oreek,  .  .  796 
Pittsburgh  Coal,  country  pit  back  of  race  track.  Pigeon  creek,  803 
Pittsburgh  Coal,  Dr.  Van  Voorhees'  pit,  Pigeon  oreek,  .  .  .  788 
Pittsburgh  Coal,  Haywood*s  (new)  pit.  Pigeon  oreek,  .  .  758 
Pittsburgh  Coal,  Clinton  Van  Voorhees*  pit,  near  crop  on 

Pigeon  creek, 7S8 

Pittsburgh  Coal,  Catsburg  (Stibe^s)  mine,  rear  pit  in  Scott 

Hollow, ...    758 

Pittsburgh  Coal,  Bolraan  pit.  Pigeon  creek,  south  side,  .  .  78S 
Pittsburgh  Coal,  Woodward  pit.  Pigeon  creek,  south  side,  .  78S 
Pittsburgh  Coal,  New  Catsburg  mine,  main  (river)  pit  mouth,  778 
Pittsburgh  Coal,  Ivile  mine,  (Jones)  east  of  last,  77*) 

Pittsburgh  Coal,  Black  Diamond  (Brown's)  mine  on  river,   776 

Pi<e«6ur(7A  Coa^  Robinson  (Hays*)  mine,  790 

Pittsburgh  Coal,  Old  Victory  mine,  (abandoned,) 781 

PiUsbnrgh  Coal,  abandoned  pit  one  eighth  mile  below  Baird*s 

station,  .  ....       782 

Pittsburgh  Coal,  abandoned  (second)  pit,  old  Buzzard  mine,  790 
Pittsburgh  Coal,  Old  Venture  mine,  Crombie,  Ski  lien  A  Co., 

Baird's  station,     ....  ...  805 

Pittsburgh  Coal,  Boyle  mine,  above  Columbia,       864 

Pittsburgh  Coal,  Whiteviile  m.ue,  below  Wolf  Harbor  Run,  883 

Allen  township. 

Pittsburgh  Coal  at  Clipper  mine,  AUenport 829 

Pittsburgh  Coal,  Peacock  mine,  west  from  LuceyviUe,  .  .   .  783 

Pittsburgh  Coal,  American  mine,  west  from  LuceyviUe,  .  .  783 

Pittsburgh  Coal,  Gregg  mine,  near  Woods  Run,       785 

Pittsburgh  Coal,  Champit>n  mine,  near  Woods  Run,    ....  789 

Pittsburgh  Coal,  Caledonia  mine,                   794 

Pittsburgh  Coal^  Eclipse  mine,  at  East  Pike  Run  township 

line, 790 

East  Pike  Run  toicnship. 

Pittsburgh  Coal,  Dexter  mine,  on  public  road, 800' 

Pittsburgh  Coal,  Globe  mine,     800 

Pittsburgh  Coal,  Reed  pit, 790 

Pittsburgh  Coal,  Greentield  pit,  below  Pike  Run,(Neel  Mine,)  780 
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Above 
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Forks  of  Pike  Ran  at  bridge, 792 

PitUburgh  Coal  1  about  20'  above  Pike  Run, 812 

On  Pike  Ran  at  second  bridge  of  B.  dk  a  R.  R.,  (projected,)  .  802 

Pit^^^itryA  Coa/,?  Smaiiwood  Ban  k,on  Pike  Run,       ....   842 

PitUburgh  Coal  at  G.  Mioliener  pit,  Pike  Run, 762 

PUUburgh  Coal,  Clialfant  pit,  Pike  Run, 752 

Pittsburgh  Coal  at  Knob  Mine  Siope,  soutli  of  West  Browns- 

vilie, 710 

Top  of  Slope,  Knob  mine, 778 

East  Bethlehem  township. 

Pittsburgh  Coal,  crop  on  Monongaheia  River  above  Dam  No.  5,  750 
Pittsburgh  Coal,  Driftwood  Bend  Mine,  (oid  Black  Hawk,)  .  762 

Pittsburgh  Coal,  opened  at  road  levei,     765 

Pittsburgh  Coal^  Walkins  bank,         773 

PUtsburgh  Coal.  Tayior  (Daie)  pit,  790 

Pittsburgh  Coal,  Crouoli  pit,  abandoned, 803 

PUtsburgh  Coal,  Uanock  pit,  north  of  Ceutreviiie  road,    .  .  833 

Pittsburgh  Coalt  Vandegrift  pit,      ....  838 

Pittsburgh  Coal,  Bears  pit,  back  of  Suit  Works 833 

Pittsburgh  Coal,  Register's  and  Dan  Martin's  pits, 883 

Pittsburgh  Coal,  Pinnis  St.  Ciair's  pit, 838 

Pittsburgh  Coalj  Weaver's  pit,  below  Frederioktown,  .  .        833 
Pittsburgh  Coal,  abandoned  pit  back  of  Frederioktown  mili,  818 

Pittsburgh  Coal,  Mrs.  Phillips*  pit, 808 

Pittsburgh  Coal,  Montgomery  mine,  near  river  bank, ....  755 
MUlaboro*  VUlage 750 

EleTatioQs  in  Qreene  Cdunty. 
Monongaheia  township, 

Pittsburgh  Coal,  mouth  of  Muddy  Run,  Cumberland  town- 
ship,      500i: 

Pittsburgh  Coal,  month  of  Whitely  Creek,  about 760i: 

Pittsburgh  Coal,  at  Gray*8  house,  25'i:  below  surface,     ...   770? 

/7erf4<one  C<>a2?  at  Gray's  Distillery  pit, 831 

Pittsburgh  Coal  crop  in  first  ravine  south  of  Lock  No.  7,     .  .    829 

PiU»burgh  Coal  in  old  pit  south  of  M.  E.  Church, 872 

Pittsburgh  Coal,  Stevenson  mine,  889 

PUtsburgh  Coa^Gabler's  new  pit,  north-west  of  Greensboro',  894 
PUtsburgh  Coal,  Black's  bank,  I  mile  west  of  Greensboro', 

on  Morgantown  road.  914 

Sewiekley  (?)  Coal,  on  Mapieton  road,  above  Bobtown  bridge 

over  Dunkard*B  Creek,  950 

irayn««6i»rj/?  Coa{,  higher  up  road,  (north,)        1100 

Coal  smut  on  road  near  Summit,  on  township  line,  .  .1170 

Smut  on  north  side  of  hill  on  road  descending  to  Whitely 

Creek,  .   . 1090 

Whitely  Bridge,  near  Willow  Grove,  (  Greene  township,)     .   915 
Willow  Grove  Hotel,  coal  smut,  ( Oreene  township, )  .  .  .  .   945 
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Coal  opeaed  (Unlontown?)  I  mile  east  of  Willow  Grove,  .  .  1075 

Coal  opened  ( Wajnesbnrg?)  |  mile  east  of  Willow  Grove,  .  1156 

Whitely  Bridge  at  Mapleton,  885 

Hewiekley  Coaly  opened  near  creek  level,     870 

Coal  crop  on  Morgantown  road,  1  mile  west  from  Greensboro',  935 

P*<2«&ttr^A  CoaZ,  (Williams*?)  opened  in  road, 910 

Pittsburgh  Coal,  100  yards  further  down  run, 910 

Pittabvrgh  Coal,  third  (Williams')  opening, 922 

Hotel  at  Greensboro'  30'  above  river,  about 804 

Dunkard  township. 

Dnnkard  Creek  Bridge, 789' 

New  school-house  on  Wiley  P.  O.  road,         1008 

Wiley  P.  O.  cross-roads,  (State  Road  intersection,) 968 

Sewickley  Coal^  south  25  yards  from  cross  roads, 998 

Pittsburgh  Coal,  crop  on  Taylorstown  road,  .  ' 880 

Pittsburgh  Oonl,  old  pit  further  west  along  road, 875 

Pittsburgh  Coal,  South  mines  at  Maple  Mill,  855 

P4eto6ur<7A  Coa/,  pit  200  yards  down  Dunkard  Creek,         .   .    855 

State  Line  and  Center  school  house, 1020 

Coal  on  State  Road  near  hero,  ....  1046 

Pittsburgh  Coal,  Garlow's  mine,  south  side  ")  ( 

Crooked  Run, I  «  «  •  J  ^^ 

Pittsburgh    Coal,  Maple    Bank,    south   side  [  ^^''8*"'*^  < 

Crooked  Run J  1^986 

Rosedale  village,  at  Maple  House, 958 

Coal  crop  1  mile  north  of  Rosedale,  on  State  Road, 1118 

Coal  crop  200  yards  beyond  road  to  right,      1008 

Bobtown  bridge  over  Dunkard  Creek, 828 

Pittsburgh  Coal,  at  Bobtown, 840 

Elevations  in  Westmoreland  County. 
Has tr aver  toionsJiip, 

Pittsburgh  Coal.&t  old  pit  of  Beckett*s  Run  mine,  on  county 

line,  above  Milesville,  780 

Pittsburgh  Coal  at  new  opening,  same  mine,  150-j-  yards 

south,  808 

Pittsburgh  Coal  at  water-pit  of  Fame  mine,  300  yards  further 

south, 810 

Pittsburgh  CoaU  at  Paynetown  mine,  further  south  on  river,  855 
Pittsburgh  Coal,  Gil  more  mine,  Just  norM  of  Webster,  .  .  .  870 
P*e^6ttr (/A  Coa/,  Webster  mine,  just  aoueA  of  Webster,  .  .  880 
Pittsburgh  Coal,  Columbia  mine,  opposite  Columbia,  .  .  .  930 
Pittsburgh  Coal,  Iron  City  mine,  Just  south  of  last  pit,  .  .  .  940 
Pittsburgh  Coal,  Rostraver  mine,  just  above  Dam  No.  4,    .  .    968 

Pittsburgh  Coal,  outcrop  at  Gibsontown,  about      1010 

Pittsburgh  Coal,  Robinson's  pit,  on  west  branch  of  Pollock's 

Run, 841 
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Above 
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Pittsburgh  Ooalf  outcrop  In  e»Bi  (mA\n)  bnnchf 785 

Pittsburgh  Coal,  HilPs  pit,  800'  down  oreek,  ...       795 

Pittsburgh  Coal,  Kreps  pit,  Youghiogbeny  River,  near  end 

of  outcrop,        .   .  ....    761 

Top  Bill  of  air  shaft,  West  Newton  Ck>ai  Co.,  \  mile  below 

West  Newton  bridge,     779 

Pittsburgh  Coal,  bottom  of  shaft,         ....    707 

Pittsburgh  Coaly  bottom  of  Lisbon  Synclinal  at  Pott  Royal, 

about, 660± 

SewicJcley  township. 

Pittsburgh  Coal,  Youghiogbeny  Coal  Hollow  Co.  pit,  at  ovens,  782 
Pittsburgh  Coal,  Main  tunnel  Shaner  Gas  Coal  Co.,  795 

Pittsburgh  Coat,  South  pic  of  RafTerty  mine,  Shaner  Station,  795 
Pittsburgh  Coal,  country  pit  in  Green  await  Hollow,  .   .  795 

Pittsburgh  Coal,  RafTerty  pit,  Armstrong  Station,  B.  &  O.  R. 

Pittsburgh  Coal,  Ocean  mine,  No.  1,  Scott  Haven, 793 

Pttisburgh  Coal,  pit  back  of  Suter  Station,  .   .  833 

Pittsburgh  Coal,  Black  Bear  mine,  (Bigley's)  present  main 

tunnel,  836 

Pittsburgh  Coal,  Bigley*s  Coal,  near  check-house, 835 

Pittsburgh  Coal,  Markle  pit,     825 

Norlh  Huntiagton  township. 

Pittsburgh  Coal,  Yough.  &  Ashtabula  mine,  (Bly  mine,)  .  .  782 
Pittsburgh  Coal,  Bobbins  &  Jenkins  (abandoned)  mine,    .  .  797 


Miscellaneous  levels  f  amis Jted  by  J.   WainwrigJit^  Esq. 

New  Geneva,  grading  in  village,  Fayette  county,     .   .    .       800 

Walnut  Hill,  Fayette  county, 1200 

Uniontown,  Fayette  county,       977 

Vance's  Mill,  P.  MoK.  A  Y.  surveys,  ...  .927 

West  Leisering,  P.  McK.  A  Y.  surveys,  Fayette  county,     .  1006 

Beeson's  Summit,        1181 

East  Leisering 987 

Trotter  Works, 975 

Broad  Ford,        874 

Dickerson  Run, 853 

Morris  cross-roads, '.  .  .  1150 

Point  Marion, 800 

Robbins'  coal  tipple  on  Monongabela  River, 751.7 

Topof  rail,  QumbertA  Huey  tipple,  756.78 

"        "       Lovedale  R  R,  749.7 

•«       *•       Horner  <fc  Roberts  R.  R., 751.24 
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Elevations  in  Fayette  County. 


Above 
tide. 


Washington  township, 

JPiUsburgh  Coal,  Little  Plttflbargh  mine,  1  mile  above  Belle- 

yemon, 838 

Pittsburgh  Coal^  Conneotiout  mine,  Fayette  City, 779 

Pittsburgh  Coal,  Little  Redstone  mine,  Jnat  above  Fayette 

Pdtsburgh  Coal,  Carondelet  mine,  ( formerly  Frazerdk  Fry,)  .  786 

Jefferson  township, 

Pittsburgh  Coal,  Gerraania  (old  Turnball)  mine, 780 

Pittsburgh  Coal,  ExoeJsior  works,  Troytown, 784 

Pittsburgh  Coal,  Bargeddie  mine, 776 

Pittsburgh  Coal,  Snow  Hill  (Alps)  mine,     776 

Pittsburgh  Coal,  Little  Alps,  No.  1,  (Merdiant  mine,;  .  .  772 
Pittsburgh  Coal,        "  •*        "    2,  (Budd  mine,)  .  .   .770 

Pittsburgh  Coal,  Cedar  IIlll  mines, - 772 

Pittsburgh  Coal,  Garrow's  banlr,  abandoned, 767 

Pittsburgh  Coal  at  Climax  (Leonard)  mine,  >  mile  below 

Redstone  Creek,  ....  788 

Albany    (Snowden)   mine  slope,  778' ;    Pittsburgh  Coal, 

about       748 

Pittsburgh  Coal   at  old  glass  works,         758 

i^^^A&iir^A  Coa2,  100  3rards  south  of  Albany  slope, 768 

Pittsburgh  Coal,  Qmpire  mine,  Brownsville, 780 

Luzerne  iotonsJiip, 

Pittsburgh  Coal,  Evans  mine,  near  Frederloktown  Ferry,  .  768 
Pittsburgh  Coal,  Jacobs  slope,  above  Wallace's  Ron,   .  .  .  650:f: 

George' s  township. 

Pittsburgh  Coal,   Gray's  distillery,    country  pit  on 

Cat's  Run,    ...       870 

Pittsburgh    Coal,  Johnson's  place,  country  pit,  two 

miles  from  river,  .   .  990 

Pittsburgh  Coal,  country  pit  near  Mennonite  church, 

2|  miles  from  Cat's  Run,  1010 

Pittsburgh  Coal,  country  pit  near  end  of  crop  on  Cat's 

run,  three  miles  from  river,         1054 

Pittsburgh  Coal,  country  pit  north-west  of  Lutheran 

church,  head  of  crop,  1120 

Pittsburgh    Coal,    crop  on  road    leading   north-east 

from  Lutheran  parsonage,  1170 

Pisgah,  on  south  branch  of  Brown's  Run,  .   .  .  1820 

Pittsburgh  Coal,  Parshall  pit,  north  branch  of  Brown's 

Run, 1018 

Pittsburgh  Coal,  country  pit  near  forJu  of  Brown's 

Run, 966 
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Pittsburgh  Coal  pit  on  south  branch  of  Brown's  Run, 

near  Georges  township  Jine, .   .  II72 

Pittsburgh  Coalf  Pawson  pit,  on  Brown's  Run,  one 

third  of  a  mile  from  German  township  line,  .  .  1118 
Walnut  Hill  summit,  near  school  house,  Na  5,  .  .  .  .  1220 
Pittsburgh    Coal   pit  at  head  of  crop  south-east  of 

Fleatown,  ....  1150 

Pittsburgh    Coal,  north  of  school    hou^e,  No.  8,  at 

Smithfleld, 1100 

Cross  roads  at  Smithfleld, 1180 

Pittsburgh  Coa^  crop  Just  east  of  Smithfleld, 1084 


Nicholson  towns/lip. 

Pittsburgh  Coal,  country  pit,  Kefvoer?, 1071 

Pittsburgh    Coal,   above  Longnecker's  place,  north  side  of 

branch  of  Cat's  Run, .* 1070 

Pittsburgh  Coal,  Longnecker's  place,  south  side  of  branch  of 

Cat's  Run, 1062 

Pittsburgh  Coal  in  ravine  Just  north  of  E  Walters' place,  at 

head  of  branch  entering  Cat's  Run  at  saw-mili,  about  1^ 

miles  from  river,         880 

Pittsburgh  Coal  crop  in  next  branch  west,  I  miiessouth  from 

Cat's  Run, 850 

i7e</«<cmeCoaZ,  opening  near  month  of  Cat*s  Run, 891 

Pittsburgh  Coa2,  at  ** Cat's  Run  mine, "on  liver  front,  .  .  .  812 
Pittsburgh  Ooa 2,  at  Ewing  and  Kendall  mine,  \  mile  south,  842 
Pittsburgh  Coal,  ParshaJl  opening  Just  north  of  Jacob's  creek,  842 
Cross  road  at  forks  of  Jacob's  creek,  1|  miles  from  river,  .  .  900 
Pittt burgh  Coal  in  pit  on  Fast's  branch,  south  of  S.  Cover's 

place,   ...  .  .  1000 

Coal  crop  (Sewiekleyf)  at  turn  of  road  below  Fast's  house,  .  10% 
Summit  on  road  at  German  Baptist  church,  (Great  L.  S.,)  .  1170 
Pittsburgh  Coal  (7)  crop  at  John  Cover's  lane,  on  public  road,  1076 
Pittsburgh  Coal(?)  Phillips' pit  south  of  road,  head  of  south 

brancli  of  Jacob's  creek,  ...  1120 

Pittsburgh  Coal,  Anderson  pit,  Cross  Roads  north  of  Presby- 
terian Church, 1160 

Pittsburgh  Coaly  Monaghan  pit  Just  north  along  road  from 

last,  .  .  1165 

Pittsburgh  Coal,  crop  near  school  house,  No.  5,  head   of 

War  Branch  Run,     ...  1075 

Pittsburgh  Coal,  Morris  pit  west  of  Crow's  Mill  road,  .  .  .  .1100 
Pittsburgh  Coal,  abandoned  pit  north  side  of  hill  from  last  pit,  1095 

(NoTB.— The  Fio^ette  axis  passes  about  one  half  mile  east  from  these  two  last 
pits,  with  none  of  the  Pittsburgh  bed  between. 
The  south-east  crop  into  the  ConnellsvUle  basin  lies  one  half  mile  east  of  the 
is.) 
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PitUburgh  Coal,  crop  near  A.  Crow's  Cross  Roads  to  Geneva, 

I  mile  from  river, 1060 

Pittsburgh  Coal  crop  {  mile  north-west,  at  Joseph  Hess*,  .  .   988 

Pittsburgh  Coal,  crop  on  river  front  at  ferry  >  miles  south 

of  Jacob's  creek, 930 

Spring  hill  township. 

Bridge  at  Hunter's  Mill  on  George's  creek, 890 

Pittsburgh  Coal,  below  school  house  on  Point  Marion  road, 

one  mile  from  the  mouth  of  George's  creek,  opposite 

Greensboro',  and  816'  above  river,  at .  .  1090 

Sewickfey  Coal,  or  "  Five  foot  vein,"  near  summit,  Provence's 

house,  ...  1190 

Pittsburgh  Coal,  *<Kine  foot  vein,'*  Grimes'  pit,  near  public 

road, 1130 

Pittsburgh  Coal,  Sackett  pit,  .  .  ...  1160 

Redstone  ?  Coal,  neifr  Cross  Roads  to  Marion  A  Morris'  Cross 

Roads, 1180 

^et&tcA;^fy  (?)  Coa7,  on  summit  200  yards  beyond,     1225 

Pittsburgh  Coal,  T.  J.  Burchinal  pit,  Cheat  river  road,  below 

R.  S.  o.|  •    .    .    .  ....  1160 

Pittsburgh  Coal,  A.  J.  Gans  pit,  beyond  MetLodist  Church,  1165 
Pittsburgh  Coal,  A.  Crow,  opened  on  both  sides  of  ravine,    .  1170 
Pittsburgh  Coal,  M.  Crow  pit,  below  school  house,      ....  1166 

Pittsburgh  Coal,  Al.  Scott,  next  opening  east  of  last,  along 

road, ....  .  .  1160 

Pittsburgh  Coal,  John  Lynn's,  near  Morris  Cross  Roads,  .  .  .  1125 
Morris  Cross  Roads,  at  liotel,  .   .  .  .1160 

Pittsburgh  Coal,  T.  I.  Roott  pit,  200  yards  north-west,  ....  1105 
Sewickley  Coal,  south  along  road  to  Lutheran  Church,    .  .   .  1216 

Sewickley  Coal,  second  crop  beyond  church,  at 1210 

Pittsburgh  Coal,  Hill's  pit,  opened  in  bluff  above  Cheat  river,  1060 
Pittsburgh  Coal,  crop  on  T.  Lyon  farm,  one  mile  south-east 

of  Morris  Cross  Roads, 1095 

Pittsburgh  Coal,  Fast's  bank,  near  old  scliool  house,  head  of 

Grassy  Run, 1100 

Pittsburgh  Coal,  A.  Stewart  pit,  north-west  on  branch  of 

George's  creek,    .   .  .   .  1110 

Pittsburgh  Coal,  crop  on  road  near  J.  Hard's  place,  north  side 

of  same  branch,  .  .  1120 

Coal  crop  and  limestone,  eight  inches,  In  road  south  of  Hun- 
ter's Mill,  930 

Pittsburgh  Coa/,  at  head  of  George's  creek,  nearC.  W.  Brown's 

place,  and  close  to  the  George's  township  line,       ....  1026 


Chapter   II. 
Oeological  Structure. 

• 

The  stmcrural  features  of  the  territory  now  under  dis- 
cussion will  appear  upon  an  examination  of  the  page  plate 
map  (page  126)  and  the  more  derail  map  accomi)anying  this 
preliminary  report. 

The  value  and  usefulness  of  this  latter  map  are  greatly  en- 
hanced by  the  property  surveys  of  R.  M.  McKinney,  M. 
E.,  which  were  kindly  placed  at  my  disposal,  and  which 
have  been  reduced  one  half  to  the  present  scale,  2()0  rods  = 
1  inch. 

To  the  portion  furnished  bj^  Mr.  McKinney,  I  have  added 
material  to  carry  the  map  northwards  to  McKeesport,  and 
along  the  two  rivers,  both  to  render  the  map  more  complete 
and  comprehensive,  and  to  more  clearly- show  the  occur- 
rence of  the  Peters  Creek  Axis.  The  reestablishment  of 
this  axis,  first  located  by  Prof.  J.  J.  Stevenson  in  his  re- 
port K,  on  Greene  and  Washington  counties,  and  after- 
wards repudiated  in  his  later  report  KK,  on  Payette  and 
Westmoreland  counties,  seems  to  be  inevitable. 

Its  extension  far  south-west  of  the  country  lying  between 
the  two  rivers,  seems  to  be  as  indefinite  and  obscure  as  it 
was  in  1876  ;  but  it  is  highly  probable  that  the  Washington 
county  line,  along  the  southern  border  of  Jefferson  town- 
ship, in  Allegheny  county,  fairly  limits  its  extent  in  that 
direction. 

Certainly  no  surface  evidences  of  its  presence  in  Wash- 
ington county  can  be  detected  between  the  Monongahela 
River  and  Peters  Creek,  the  coal  from  the  Coal  Bluflf  and 
other  mines  on  the  river  front  lying  nearly  level  or  rising 
north-west  with  but  little  interruption  to  Peters  Creek. 

Evidences  of  the  existence  of  this  axis,  however,  in  Jef- 
fereon  township,  from  a  point  a  little  south  of  Lock  No.  3 
to  where  it  leaves  the  township  north  of  Blair  Station  on 
the  P.  V.  &  C.  R.  R.,  are  apparent. 

(169) 
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Its  dediive  in  approaching  Washington  county  has  no  doubt 
caused  the  westward  erosion  of  the  river,  as  its  presence  at 
Blair  Station  has  certainly  affected  the  course  of  the  Monon- 
gahela  there;  likewise  of  the  Youghiogh6ny  south-east  of 
McKeesport. 

It  will  be  observed  that  in  restoring  this  Peters  Creek 
axis,  I  have  also  shifted  its  position  south-eastward,  instead 
of  passing  it  through  the  mouth  of  Peters  Creek,  according 
to  report  K,  page  29. 

The  reasons  for  this  are  obvious  ;  and  despite  the  limited 
outcrop  of  the  Pittsburgh  coal-bed  contained  on  the  raap, 
its  presence  between  the  two  rivers  is  plainly  made  out. 

All  the  coal  along  the  soutJi  side  of  the  Monongahela 
River  lies  lower  than  that  north  of  the  river  along  the  crop, 
therefore  the  dip  is  soxdheast  between  the  two  outcrops. 

In  whatever  position  the  coal  lies  in  the  hills  along  the 
river  front  above  the  Monongahela  division  of  the  P.  R.  R., 
for  P.  V.  &C.  R.  R.,  (and  the  probability  is  that  it  is  very 
flat,)  we  know,  irom  actual  development,  that  it  soon  dips 
to  Peters  Creek,  the  crop  there  being  anywhere  from  60  to 
70  feet  lower  than  on  the  river,  though  a  large  '* swamp" 
has  been  developed  in  the  Walton  workings  close  to  the 
creek  crop. 

The  same  features  are  repeated  further  west  where,  the 
HiUddle  Mine  coal  at  869  A.  T.  is  practically  at  the  same 
level  as  the  several  country  juts  opened  on  Peters  Creek, 
opposite  the  mouth  of  Lick  Run.  From  Hilldale  (Wash- 
ington county)  the  coal  dips  north-west;  from  Peters  Creek, 
decidedly  sovift-east,  the  trough  between  carrying  a  swamp. 
From  Peters  Creek  everything  rises  rapidly  north-west  to 
the  Pin  Hook  axis. 

So  much  for  the  region  immediately  northwest  of  the  one 
under  discussion. 

Crossing  the  river  near  Blair's  Station,  the  course  of  this 
anticlinal  for  the  next  IJ  miles  to  the  Youghiogheny  at 
Long  Run  Station,  on  the  B.  &  O.  R.  R.,  can  be  followed 
on  the  map. 

Some  idea  of  its  strength  and  prominence  can  be  gained 
from  a  comparison  of  the  coal  levels  on  or  near  its  crest, 
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and  in  the  resulting  synclinal  basins  north-west  and  south- 
east. 

From  the  axis  to  the  outcrop  of  the  Pittsburgh  Coal 
south  of  Reynolds,  (McKeesport,)  is,  in  an  air  line,  2} 
miles,  the  difference  in  coal  level  being  fully  170  feet,  or 
about  75  feet  per  mile. 

Prom  the  axis  south-east  to  Buena  Vista  is  about  4 
miles,  and  the  difference  in  coal  elevations  300'  or  an  equal 
rate  per  mile  of  75  feet. 

In  Versailles  township,  on  the  north-east  side  of  the 
Youghiogheny,  there  is  hardly  any  Pittsburgh  coal  left,  the 
whole  township  being  eroded  and  furrowed  down  by  Long 
and  Jack's  Runs,  and  exposing  little  else  but  the  Barren 
Measures. 

What  few  isolated  patches  have  been  left  east  of  Jack's 
Run,  and  along  the  Westmoreland  county  line,  all  evince 
a  strong  south-east  dip,  while,  at  the  same  time,  rising  to 
the  north-east  in  obedience  to  the  general  laws  governing 
the  rise  in  that  direction  of  the  plane  of  the  various  axes 
of  this  district.  The  exact  position  of  the  axis  in  this 
township  beyond  the  Youghiogheny  River  cannot  be  located, 
in  the  absence  of  some  key  rock  ;  but  in  North  Versailles 
township,  it  crosses  the  Pittsburgh  and  Greensburg  pike 
not  far  from  the  M.  E.  Church,  and  within  700  yards  of  th3 
Westmoreland  count v  line. 

Miller's  coal  here  is  nearlv  1200'  A.  T.,  and  in  2  miles 
north-west  the  coal  falls  160  feet. 

A  barren  streak  divides  this  coal  from  the  basin  in  North 
Huntingdon  township,  Westmoreland  county,  the  axis  ex- 
tending north-east  to  the  Penna.  R.  R.,  between  Carpen- 
penter's  and  Stewart's  stations,  following  Turtle  Creek  to 
Murrysville,  and  thence  to  Roaring  Run  on  the  Kiskimi- 
netas  River.* 

In  restoring  the  Peters  Creek  axis,  therefore,  to  its  place 
in  the  district,  we  can  omit  the  new  name,  which,  after  all, 
is  not  very  appropriate,  and  simply  call  it  the  Roaring 
Run  or  Murrysville  axis.     Its  importance  cannot  be  over- 

*Tbe  sixth  ozii  of  the  report  of  1858. 
11 
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looked,  and  in  the  development  of  Natural  Gas  upon  the 
''anticlinal  theory,"  this  axis  has  been  more  prominently 
brought  forward  than  any  other  within  the  vicinity  of 
Pittsburgh,  owing  to  the  Inrgeand  productive  wells  located 
on  or  near  it  at  Murrysville,  Westmoreland  county. 

Its  rate  of  rise  north-eastward  tlirough  Allegheny  county 
is  very  marked.  Taking  the  Pittsburgh  bed  as  a  basis,  the 
rate  between  where  it  leaves  Washington  county  and  where 
it  enters  Westmoreland,  is  fully  27'  per  mile,  the  coal  levels 
being  respectively  860'  and  12CK)'  A.  T.,  and  the  distance  in 
round  numbers  through  Allegheny,  12  miles. 

The  detailed  map  accompanying  this  rej>ort  embraces  the 
territory  between  the  Lisbon  synclinal  on  the  south-east, 
and  the  Pin  Hook  anticlinal  on  the  north-west,  and  between 
the  Monongahela  river  at  Braddock,  and  the  south  line  of 
Rostraver  township,  Westmoreland  county. 

From  the  elevations  of  the  Pittsburgh  coal-bed  at  the  va- 
rious mines  of  the  district,  and  the  different  mine  records.  I 
have  endeavored  to  further  illustmte  the  structural  features 
by  reproducing  in  contour  lines,  50  feet  vertically  apart,  the 
bottom  of  the  Pittsburgh  Coal-bed,  These  lines  are  shown 
in  red  on  the  map  ;  the  exposed  outcrop  of  the  coal  in  black. 

From  the  small  map,  (page  126)  it  will  be  observed  that 
five  distinct  anticlinals  have  been  traced,  trending  north- 
east and  south-west  across  the  district,  but  not  always  par- 
allel nor  coextensive  one  with  another  in  that  direction ; 
nor  do  they  describe  perfectlj'' straight  lines,  showing  rather 
a  disposition  to  curve  towards  the  east  in  ihe  northern  part 
of  the  field,  and  towards  the  south  along  the  Virginia  State 
Line.  With  but  few  exceptions  the  anticlinal  crests  all 
rise  going  north-east,  elevating  successiveh'^  lower  measures 
in  that  direction. 

1,    Washington  or  Bradrf  s  Bend  anticlinal. 

The  first  well  defined  fold,  of  the  district,  south  of  the  Mo- 
nongahela River,  is  the  Washington  Axis,  so  named  from 
the  borough  of  that  name  in  Washington  county. 

Comparatively  little  attention  was  paid  to  tracing  the 
course  of  this  axis  during  the  past  season,  owing  to  demands 
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on  my  time  in  the  river  region  to  the  south-east.  However, 
its  position  is  well  defined  in  Washington  county,  passing 
west  of  Washington  and  near  Cannonsburg  and  Ewingsville 
on  the  Chartiers  R.  R. ;  entering  Allegheny  connty  about  g, 
mile  west  of  Chartiers  Creek,  on  a  nearly  N.  45°  E.  course, 
cutting  Upper  St.  Clair  township  nearly  in  half;  passing 
through  Mt.  Lebanon,  in  Scott  township,  and  thence  along 
orpanillel  with  the  Washington  pike  to  the  city  limits  at 
South  Pittsl)uro:h,  where  its  cessation  forms  a  broad  plateau 
of  the  Pittsburgh  coal-bed  lOOO'-j-  above  tide.  Its  rate  of 
rise  in  Allegheny  county,  going  north-east,  north  of  the 
river,  is  about  22'  per  mile. 

Its  position  is  very  well  defined  on  both  McLaughlin's 
and  Panther  runs,  where  the  Pittsburgh  bed  is  exposed  on 
its  arch  at  respectively  868'  and  887'  above  tide. 

In  the  ravine  of  Saw  Mill  run,  below  the  borough  of 
West  Liberty,  this  coal  shows  at  981'.  and  in  the  fiat  north 
of  Beltzhoover  borough,  its  greatest  elevation  is  about  1040'. 
This  axis,  if  extended,  would  meet  the  river  below  the  Bir- 
mingham bridge  ;  but,  in  the  fiat  already  mentioned,  it  is 
over-ridden  by  the  south-western  prolongation  of  the  Bra- 
dv's  Bend  axis,  which  latter  mav  be  considered  as  the  ex- 
tension  of  the  Washington  anticlinal  through  northern 
Allegheny  county,  west  of  the  Allegheny  River,  into  But- 
ler and  Armstrong  counties.     (See  map,  page  126.) 

This  portion  of  the  arch,  under  the  name  of  the  Brady's 
Bend  axis,  enters  Allegheny  county,  according  to  Pro- 
fessor White,  (Report  Q  page  20)  in  West  Deer  township, 
passes  west  of  Culraersville,  and  crosses  Big  Deer  cieek 
just  above  Martin's  coal  works,  where  the  Upper  Freepoit 
coal  is  exposed  in  the  bed  of  the  creek. 

It  then  crosses  Pine  creek  near  the  mouth  of  Gourd-head 
run,  bringing  the  Upper  Freeport  bed  50' above  the  stream, 
and  keeping  it  exposed  for  three  miles  along  the  same. 

Girtie's  run  is  crossed  at  the  forks  of  the  stream  above 
Evergreen,  and  the  axis  reaches  the  Ohio  River  at  the 
month  of  Wood's  run,  three  miles  below  Pittsburgh.  In- 
stead of  breaking  there  and  shifting  south-east  to  Temper- 
anceville,  it  seems  to  bend  slightly  toward  the  south,  cross- 
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ing  the  Panhandle  R.  R.  just  east  of  the  tunnel  and  Sheri- 
dan Station  and  is  visible  as  an  axis  as  far  south-west  as 
the  Idlewood  Hotel,  about  3  miles  from  the  river,  and  about 
i  mile  east  of  Idlewood  Station,  on  the  Pan-handle  R.  R. 

There  is  certainly  a  reversal  of  dip  at  Sheridan  Station, 
depicted  in  the  Crinoidal  limestone  and  accompanying 
rocks  of  the  Barren  Measures,  the  Pittsburgh  coal  being  in 
the  hill  tops  1100'  above  tide. 

One  mile  to  the  south-west,  the  Pittsburgh  bed  is  opened 
on  the  plank  road  at  Wettengill's  and  Gormley's  country 
pit  at  1080',  dipping  south-east,  and  at  Hodgson's  pit  at 
lOyO',  dipping  north-west  on  opposite  sides  of  the  axis. 

At  the  Ciuft  and  Phoenix  pits,  1052'  and  972',  the  dip  is 
north-west  into  the  Mansfield  synclinal ;  while  at  the  Ster- 
rett  pit,  978',  li  miles  from  the  railroad,  the  dip  is  south- 
east. 

On  Whisky  Run,  further  south-west,  no  change  of  dip 
was  observed,  all  the  coal  draining  directly  from  the  Wash- 
ington axis  north-west  into  the  Mansfield  synclinal. 

Prof.  White  calculates  the  rate  of  fall  south-west  of  this 
Brady's  Bend  axis  north  of  the  river  at  22'  per  mile  on  a 
S.  40°  W.  course,  though  south  of  the  Ohio  River,  its  de- 
cline is  much  more  rapid,  falling  from  1100'  to  about  960' 
A.  T.  on  the  arch  east  of  Idlewood  Station,  or  140  feet  in  a 
little  over  2  miles. 

Economically,  this  axis  is  a  very  important  one,  and  it 
will  be  referred  to  in  greater  detail  in  the  final  report. 

5.  Pin  Hook  anticlinal. 

The  Pin  Hook  axis,  the  next  prominent  roll  in  the 
measures,  is  a  broad  arch,  perhaps  a  mile  wide,  and  makes 
practically  a  straight  line  S.  30°  W.  from  the  Monongahela 
River,  opposite  Braddocks,  to  the  Washington  county  line 
4^  miles  from  the  river.  Beyond  this  line,  to  the  south- 
west, its  course  has  not  been  traced,  though  from  tlie  unin- 
terrupted north-west  rise  of  the  measures  from  Peters  Creek 
at  Finleyville,  past  its  prolongation  into  Washington 
county,  it  is  quite  probable  that  this  axis  has  lost  its  prom- 
inence, to  rise  again  south-east  at  Dunningsville,  and  thence 
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on  to  Pin  Hook  village  in  Amwell  township,  as  shown 
on  the  page-plate. 

North  of  the  Monongahela  River  its  course  is  likewise 
broken,  takin^?  in  again  2  miles  west  of  Braddocks,  in  the 
vicinity  of  North  Homestead.  Prom  here  it  takes  up  a 
parallel  north-east  course  through  Wilkinsburg  and  Sandy 
creek,  crossing  Puckf  ta  creek  more  than  a  mile  from  the 
Allegheny  River,  and  merging  into  the  Bagdad  axis  near 
Bradv's  run  on  the  Kiskiminetas  River. 

Its  course  is  largely  marked  by  exposures  of  the  Barren 
Measure  rocks  along  Nine  Mile  run  and  through  North 
Penn  and  Plum  townships ;  the  Pittsburgh  coal  everywhere 
dipping  from  it  to  the  south-east  into  the  trough  of  Turtle 
creek  and  Thompson  run  in  the  Leechburg  synclinal. 

3,  Boaring  Run  {Peters  Creek)— Murrysville  anticlinal. 

The  position  of  the  Roaring  Run  (Peters  Creek)  axis,  be- 
tween the  Washington  county  line  and  the  Pennsylvania 
R.  R.,  is  likewise  clearly  illustmted  on  the  maps,  and  makes 
a  sligbt  angle  with  the  Pin  Hook  axis.  In  that  distance — 
about  12  miles — its  crest  subsides  about  350  feet,  until  it 
dies  away  in  Washington  county  altogether,  and  allows  the 
Pittsburgh  coal  to  swing  over  its  arch. 

Its  extension  north-eastward  is  in  a  direct  line  with  the 
Murrysville  axis  to  Roaring  ran  on  the  Kiskiminetas  River. 
It  has  already  been  described  in  detail. 

i .    Waynesburg  anticlinal. 

The  Waynesbnrg  anticlinal,  about  7  miles  to  the  south- 
east, is  only  partially  shown  on  the  large  map,  but  its  gen- 
eral course  and  position  are  indicated  on  the  page-plate. 
From  Waynesburg  to  the  Monongahela  River,  wtiich  it 
crosses  about  1^ miles  below  Bellevernon,  it  describes  a  prac- 
tically straight  line  for  about  24  miles. 

Between  the  two  rivers  its  course  is  curved  slightly  to  the 
north,  meeting  the  Youghiogheny  River  just  below  Pol- 
lock's run,  in  Elizabeth  township.  Here  its  course  is  bent 
to  the  east  again,  trending  east  of  Sewickley  Creek  and 
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through  Westmorehmd  county  to  the  village  of  Gi-apeville; 
thence  west  of  Harvey's  Five  Points  to  the  Kiskiminetas 
at  Saltsburg. 

While  it  shows  the  same  general  rise  going  north-east, 
this  increase  is  interrupted  between  the  two  large  rivers,  as 
shown  by  the  contours  on  the  map,  falling,  going  north- 
eastward, in  that  section  about  150  feet  in  8  miles.  It  is 
owing  to  this  decline  that  its  position  is  so  obscure,  and  its 
effect  so  insignificant,  on  the  Youghiogheny  River. 

North  of  the  Youghiogheny  it  again  commences  to  rise 
gradually  to  the  Kiskiminetas.  Under  the  names  of 
Waynesburg  axis.  Brush  Ridge,  Grape  Ridge,  it  makes 
apparently  one  and  the  same  axis  with  the  Saltsburg  anti- 
clinal to  the  north. 

5,  Fayette  anticlinal. 

The  Fayette  anticlinal  is  the  last  prominent  axis  of  the 
district  under  survey.  This  is  the  axis  flanking  the  Con- 
nellsville  IJasin  on  the  west.  While  it  has  not  been  possi- 
ble to  give  it  as  much  attention  as  some  of  the  others,  suf- 
ficient has  been  done  to  warrant  its  association  with  the  In- 
diana (Blairsville)  axis  of  Indiana  and  Westmoreland 
counties,  rather  than  with  the  Saltsburg  anticlinal,  as  has 
been  heretofore  accepted. 

However,  more  detailed  work  will  be  necessary  before 
this  point  can  be  definitely  settled,  and  the  acce{)tance  of 
this  structure  at  present  is  wholly  i^rovisional. 

The  course  of  this  fold  through  Fayette  county,  between 
the  State  Line  and  the  Yougiogheny  River,  is  fairly  well  de- 
veloped. In  Spring  township  it  lifts  the  Pittsburgh  coal 
about  380'  above  the  Cheat  River,  passing  thence  west  of 
Morris  Cross  Roads  and  Smithfield,  in  George's  township, 
to  the  Redstone  creek,  about  7^  miles  above  its  mouth. 

Keeping  a  direct  course  north-east,  it  passes  close  to  Flat-- 
wood  P.  O.,  and  meets  the  Youghiogheny  River  at  Virgin's 
run.     Between  this  point  and  Carr's  Tunnel,  on  the  P.  R. 
R.,  its  position  is  obscure,  owing  largely  to  the  eroded 
character  of  the  country  and  the  difficulty  of  assigning  it  a 
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position  in  the  Barren  Measures,  here  largely  composing  the 
exposures. 

At  Layton  Station,  however,  on  the  B.  &  O.  R.  R.,  the 
presence  of  an  axis  is  clearlj'  made  out,  which  can  be  traced 
to  Jacob's  oreek.  Its  north-east  prolongation  to  the  P.  R. 
R.  is  therefore  interpolated  on  the  map,  coinciding  from 
there  with  the  Indiana  (Blairsville)  axis  to  the  Kiskiminetas 
below  Blairsville. 

The  principal  synclinal  basins  of  the  district  are  four  in 
number,  contained  between  the  five  anticlinal  folds,  the 
Mansfield  synclinal  flanking  the  Washington  axis  on  the 
north-west  and  not  at  present  under  discussion. 

Beginning  at  the  north-west  we  have : 

Ist.  The  NiiieneJi- Allegheny  River  synclinal^  between 
the  Washington-Brady's  Bend  axis  and  the  Pin  Hook- 
Bagdad  axis,  passing  through  Freeport  at  the  junction  of 
the  Allegheny  and  Kiskiminetas  Rivers,  and  merging  into 
the  double  Nineveh  basin  south  of  the  Monongahela  River. 

2d.  The  Leechburg  synclinal,  betw^een  the  Pin  Hook  and 
Roaring  Run  axes.  On  the  Kiskiminetas  this  basin  is  split 
by  the  Apollo  sub-axis  into  Leeclihurg  basin  on  the  west 
and  Apollo  on  the  east. 

On  the  Monongahela  River  no  subordinate  axis  occurs, 
so  that  the  measures  dip  without  interruption  into  the  Tur- 
tle creek  and  Thompson  run  trough. 

South  of  the  river  however  a  subordinate  roll  creates  the 
Nineveh  and  Street's  Run  synclinals  west  of  the  Pin  Hook 
axis ;  but  on  the  east  side  of  the  main  axis,  there  is  no  re- 
versal of  dip  into  the  southern  basin,  which  will  be  seen  on 
the  map  describing  a  sinuous  course  from  a  point  north  of 
Lob's  creek,  on  the  Washington  line;  crossing  Peters  creek 
above  the  mouth  of  Lewis  run  ;  the  Monongahela  River  near 
Moss  Side  Station  ;  thence  following  the  channel  of  the  river 
to  a  point  above  Port  Perry  and  there  joining  the  Turtle 
Creek  trough  between  AVilkins  and  Patton  townships. 

Fi^om  McKeesport  the  coal  rises  north-west  io  the  Pin 
Hook  axis,  about  63  feet  per  mile,  and  south-east  on  to 
the  Murrysville  axis  at  the  rate  of  about  75'  per  mile. 
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3d.  The  Waynesburg  si/nclhialyheiyveen  the  Mnrrysville 
and  the  Waynesburg  axis. 

This  is  the  Irwin  basin  of  Westmoreland  county,  passing 
from  the  big  bend  in  the  Kiskiminetas  at  the  Indiana- Arm- 
strong county  line,  through  Irwin's  Station,  on  the  P.  R.  R., 
to  Guffey'^  Station  on  the  Youghiogheny  and  through  the 
channel  of  that  river,  to  Howells  run. 

In  Allegheny  county  it  is  split  by  the  Monongjihela  sub- 
axis.  The  southern  trough  passes  through  the  south- 
eastern portion  of  Forward  township  to  Milesville,  on  the 
Monongahela,  and  thence  along  the  channel  of  that  river  to 
Pigeon  creek,  where  it  takes  up  a  conrae  nearly  parallel  to 
the  Waynesburg  axis.  The  northern  division  is  compli- 
cated by  reason  of  the  subsidence  of  the  Murrysville  axis, 
forking  near  Courtney  Station,  on  the  P.  V.  &  C.  R.  R., 
merging  northwards  into  the  Peters  creek  trough,  and 
southward  into  the  trough  developed  by  the  workings  at 
the  Old  Eagle  and  Horner  &  Roberts  mines. 

The  continuation  of  this  trough  south-west  of  the  Mon- 
ongahela River  is  obscure  from  lack  of  development. 

The  entire  basin  near  the  river,  between  the  two  main 
axes,  is  over  10  miles  wide,  and  about  250  feet  deep. 

4th.  The  L/^io7i52/«cZ/»aZ,  between  the  Waynesburg  and 
Fayette  axes,  the  deepest  basin  (geologically)  of  the  series, 
is  likewise  divided,  at  least  in  Allegheny  county,  by  a  sub- 
ordinate anticlinal  passing  through  the  mouth  of  Muddy 
creek,  with  the  effect  of  pushing  the  Waynesburg  and 
Fayette  axes  much  farther  asunder  in  Greene  county  than 
they  are  in  Westmoreland  county. 

This  is  the  Greensburg  basin  of  Westmoreland  county, 
passing  through  Port  Royal,  on  the  Youghiogheny,  where 
the  Pittsburgh  coal  is  deeply  buried  ;  through  Brownsville, 
on  the  Monongahela,  and  thence  south-west  into  Greene 
county. 

Through  a  great  portion  of  this  basin  the  Upper  Barren 
Measures  are  inclosed.  It  is  about  Smiles  wide  on  the  Kis- 
kiminetas and  Youghiogheny  Rivers ;  12  on  the  Monongji- 
hela,  and  18  in  Greene  countv. 

It  is  about  3(X)'  deep  along  the  Monongahela  River. 
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These  basins  are,  for  the  most  part,  quite  irregular  in  form 
and  trend :  divided  by  subordinate  axes,  and  curving  or 
shifting  with  the  folds  which  created  them. 

Practically  considered,  the  presence  of  these  subordinate 
axes  in  the  coal  basins  is  the  most  fertile  cause  of  mining 
disaster,  for  they  can  neither  be  closely  located  from  surface 
indications,  nor  can  their  amount  of  displacement  be  calcu- 
lated or  discounted  in  advance  of  development.  It  seems 
quite  probable  that  they  are  frequently  to  be  regarded  as 
the  adjuncts  of  many  of  the  "swamps"  so  common  to  this 
region,  for  it  would  appear  that  several  of  the  largest  and 
most  continuous  of  these  swamps  are  but  subdivisions  of 
the  main  basins. 

This  feature  will  be  better  understood  by  reference  to  the 
contour  map,  where  it  will  be  seen  how  the  Waynesburg 
synclinal  is  split  in  two  by  an  axis  passing  through  Monon- 
gsihela  City  towards  Scott's  Ocean  mine.  No.  2,  north  of 
Industry,  creating  on  both  sides  of  it  the  prominent  swamps 
at  Old  Eagle  and  Courtney,  and  those  recorded  in  the  series 
of  mines  between  Pigeon  creek  and  the  Westmoreland  line 
along  both  sides  of  the  river. 

So,  likewise,  the  river  mines  near  Elizabeth,  whose  gang- 
ways bear  towards  the  basin  along  Peters  .creek,  have  de- 
veloped a  line  of  '* swamp"  between  the  Murrysville  axis 
and  the  outcrop  along  the  south  side  of  Peters  creek. 

The  main  depression,  conspicuously  noticeable  in  the 
Walton  mines,  has  a  general  bearing  parallel  to  the  Muitvs- 
ville  axis,  and  lying  within  a  short  distance  of  the  Peters 
creek  outcrop. 

It  has  been  located  in  the  various  gangways  of  Walton's 
works  from  the  north-east  crop  on  Scotia  nm  at  about  915' 
A.  T.,  south-west  for  over  a  mile,  and  declining  in  that  di- 
rection about  30'  per  mile.  Its  association  with  the  syn- 
clinal trough  at  Lob's  run  and  Peters  creek  is  suggestive. 

Further  north-east  along  this  trough  a  precisely  similar 
eflFect  takes  place  in  O' Neil's  Coal  Valley  works,  onl}'  the 
line  of  *' swamp"  bears  more  nearly  south,  owing  to  the 
change  of  direction  in  the  basin  line.  The  bed  of  the  Pitts- 
burgh coal  at  this  point  is  excessively  irregular.     In  the 
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double  enfry  pit,  at  879'  A.  T.,  the  coal  pitches  south-west 
3'  in  100',  rises  to  a  level,  and  again  dips  back  in  to  the  syn- 
clinal. Of  coarse  this  abnorm«il  diflference  in  elevations  is 
only  local ;  but  the  line  of  disturbance  is  allied  to,  and 
located  in,  the  trough. 

A  couple  of  hundred  yards  to  the  north-west,  up  stream, 
the  Pittsburgh  bed  is  again  opened  by  the  same  company 
at  912'  A.  T.  Here  the  gangway  is  driven  nortli-west,  and 
up  the  south-east  slope  of  the  Pin  Hook  axis,  and  no  trou- 
ble of  any  kind  has  been  experienced. 

Fiu-ther  evidence  is  aflforded  in  the  workings  of  Poster, 
Clark  &  Wood,  farther  south-east,  where  the  bed  falls  31' 
in  750'  in  the  main  gangway.  Here  the  swamp  entry  is 
turned  off  nearly  due  west,  and  so  bears  directly  for  the 
synclinal. 

It  is  not  proposed  to  dwell  at  length  upon  this  subject  at 
present,  nor  is  there  sufficient  data  at  hand  to  draw  any  but 
the  most  general  conclusions. 

But  the  general  relationship  of  "  swamp  "  lines  and  syn- 
clinal troughs  seems  as  probable  as  it  is  natural. 

A  notable  exception  to  this  rule,  however,  will  be  referred 
to  later  in  describing  the  Lovedale  mine,  in  Lincoln  town- 
ship, where  the  direction  of  the  swamp  (S.  35°  E.)  is  trans- 
verse to  that  of  the  Waynesburg  synclinal. 

A  glance  at  the  underground  contouring  of  the  Pitts- 
burgh bed  at  that  place  will  display  its  effect  as  well  as  the 
singularly  diversified  structure  of  the  basin.  Whether  this 
structure,  which,  after  all,  is  but  provisional  on  further  de- 
velopment, be  peculiar  to  this  trough,  or  whether  all  the 
basins  in  this  district  will  be  found  warped  and  branching, 
as  this  one  does,  it  is  idle  nr)w  to  speculate  upon. 

If  the  many  able  and  expert  mining  engineers  of  the  dis- 
trict will  only  note  and  record  all  facts  bearing  upon  this 
question,  and  plat  their  notes  carefully  to  scale,  so  that  the 
levels  of  one  mine  can  be  compared  with  another,  I  believe 
much  light  can  be  shed  upon  the  cause  and  effect  of  these 
''swamps."  It  is  well  known  that  they  do  occur,  and  to 
the  serious  detriment  of  mining  plans. 


ClTAPlKU   III. 

General  Oeology ;   Upper  Productive  and  Barren  Measure 
Series  ;  features  of  the  Pittsburgh  Coal  Bed^  etc. 

It  seems  hardly  necessjiry  to  repeat  in  detail  the  classifi- 
cation of  the  coal  measures  of  the  district,  especially  in  this 
preliminary  report.  In  tlie  reports  on  Greene  and  Wash- 
ington counties  (K.)  and  Fayette  and  Westmoreland  coun- 
ties (KK,)  this  subject  has  been  minutely  and  skillfully 
gone  over  by  my  predecessors  in  tliis  field,  and  I  would  re- 
fer to  tliose  two  reports  as  containing  all  that  is  necessary 
for  a  complete  understanding  of  the  rock  systems  of  these 
counties. 

In  the  special  district  under  consideration  in  this  report, 
the  limit  of  measures  above  and  below  the  Pittsburgh  Coal 
bed  may  be  placed  at  280' ;  that  is  lo  say  that  nowhere 
in  the  three  townships  of  Lincoln,  Elizabeth,  and  Forward, 
are  there  more  than  280'  of  the  Upper  Productive  coal  Mea- 
sures (»ver  the  Pittsburgh  bed,  nor  more  than  that  amount 
of  Barren  Measures  beneath  it. 

The  Upper  Productive  Measures^  from  the  Pittsburgh 
Coal  to  the  Waynesburg  Sandstone,  inclusive,  may  be  as- 
signed a  general  thickness,  in  round  numbers,  of  475',  vary- 
ing, according  to  Prof.  Stevenson's  section  below,  from 
458'  lo  487'  feet. 

The  five  coal-beds  of  this  series  are  in  the  main  persistent, 
though  only  one  of  them,  the  Pittsburgh  Coal,  can  be  said 
to  be  constant  as  to  thickness,  quality,  and  commercial  im- 
portance. » 
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Section  of  Upper  Productize  Coal  Measures. 


1.  Waynesburg  Sandstone, 

2.  Shale,  

8.  Wayntthurg  Main  Coal-bed, 

4.  Fire-clay, 

5.  Sandstone,      

0.         Limestone,     

7.  Sandstone  and  shale 

8.  Uniontofvn  Coal-bed, 

11.  Limestone  and  shale,   x    q^.^ 
10.  Sandstone  and  shale,    .  .  >Ll„,estone 

9.  Limestone  and  shale,  ) 

12.  Sandy  shale, 

18.  Sewickley  Coal-bed, 

14.  Sandstone*         

15.  Limestone, 

16.  Sandstone  or  sandy  shale, 

17.  Bedstone  Coal-bed, 

1&         Limestone, 

19.  Pittsburgh  (Upper)  Sandstone,    .... 

20.  Shale, 0 

21.  Pittsburgh  Coal-bed, 


Thioknes*. 
70'  { 


0  to  12' 


8' 
20' 

6' 
60' 


10* 
18' 
26' 

10' 

40 

tolO* 


K,  p.  57. 

Total. 
82' 

6' 

88' 
I'to     8' 

178' 

I'to     6' 

58' 
I'to     4' 

60' 
6' to   12' 


458'  to  487' 


The  horizon  of  the  Uniontown  Coal-bed  is  only  met  with 
in  one  or  two  places  throughout  these  three  townships. 
This  coal  and  the  overlying  measures,  are  not  well  devel- 
oped except  where  the  sinking  of  the  measures,  to  the  south- 
west, brings  them  into  the  hill- tops  of  Fayette  and  Greene 
counties,  and  where  they  are  covered  up  by  still  higher 
rocks  belonging  to  this  same  series  and  th^  overlying  Upper 
Barren  Measures. 

Strata  Nos.  9,  10,  and  11  of  the  section,  constituting  the 
''Great  Limestone"  of  the  series,  have,  however,  been 
noted  at  several  places. 

The  Uniontown  Coal  rests  directly  upon  the  upper  mem- 
ber of  the  limestone  (No.  11)  which  varies  from  10  to  18 
feet  in  thickness.  It  has  a  bright  buflf  color,  and  is  prob- 
ably present  at  Round  Hill  Church,  and  in  the  high  ridge 
north  of  Monongahela  City,  in  Allegheny  county.  In  a 
general  way,  however,  it  may  be  said  to  .be  absent  north 
of  the  Allegheny-Washington  line.  The  lower  division,  30 
to  50  feet  thick,  is  still  more  noticeable,  always  weathering 


cP InmlUers.']  piitsburgh  coal-region,  chap.  hi.        173 

into  hard  angular  pieces,  and  carrying  both  dolomitic  and 
pure  limestone  layers.  It  is  quarried  in  several  places  in 
the  district,  but  attains  far  greater  prominence  to  the  south- 
west. 

The  SewicTcley  Coal^  No.  13  of  the  section,  cannot  be 
noticed  in  this  part  of  the  lield,  and  if  it  exists  at  all  here, 
it  is  represented  by  a  black  shale,  commercially  worthless. 

This  coal-bed  is  extensively  mined  for  local  use  on  Dunk- 
ard  and  Whitely  creeks,  in  Greene  county,  where  it  shows 
two  benches,  the  upper  2'  thick ;  the  lower  is  3'  4"  thick  and 
is  separated  from  the  upper  by  a  small  clay-slate  parting. 

This  same  bed  is  known  as  the  '* Five-Foot  Seam"  in 
Fayette  county,  south  of  the  Youghiogheny,  where  it  is 
considerably  mined. 

The  limestone,  No.  16,  between  the  SewicJcley  and  Red- 
stone beds,  is  known  as  the  Fishpot  Limestone^  and  carries 
a  sandstone  above  and  below  it.  It  was  nowhere  noticed 
in  this  district,  and  it  is  doubtful  if  it  exists  here. 

The  liedstoiie  Coaly  No.  17,  though  very  variable  in  thick- 
ness and  generally  worthless  as  a  commercial  bed,  is  still 
very  persistent,  and  can  usually  be  found  as  a  slaty  coal  or 
shale  from  40'  to  50'  above  the  Pittsburgh  coal.  Unlike  the 
other  coals  of  the  series,  this  bed  seems  to  gain  importance 
and  thickness  coming  northward;  south  of  Monongahela 
City  it  is  everywhere  an  insignificant  bed  of  shale  or  dirty 
coal,  from  12  to  18  inches  thick.  From  Monongahela  City, 
north  to  within  the  boundaries  of  southern  Allegheny,  it  is 
thicker  and  better,  and  shows  from  1  to  4  feet  of  coal. 

In  some  portions  of  Fayette,  on  the  Redstone  and  Jacob's 
Creeks,  it  becomes  mineable.  Its  occurrence  between  the 
two  rivers,  south  of  McKeesport,  will  be  duly  noted  in  a 
succeeding  chapter. 

The  Pittsburgh  Coal-bed. 

The  Pittsburgh  coal-bed  is  economically  the  most  import- 
ant of  all  the  coals  above  or  below  it,  and  the  only  one 
that  can  be  called  persistent  as  to  thickness  and  quality. 
It  is  the  best  and  most  valuable  seam  of  the  Pennsylvania 
bituminous  coal  area. 


174  GEOLOGICAL  SURVEY  OF  PENX'a,  1881 

It  is  always  of  mining  thickness  and  excellent  quality  at 
all  exposures,  varying  from  about  3  to  9  feet  thick. 
This,  combined  with  its  almost  uninterrupted  and  accessi- 
ble outcrop  along  the  Monongahela  River,  from  the  State 
Line  to  Pittsburgh,  renders  its  development  easy  and  ac- 
counts for  its  commercial  supremacy  over  wide  areas.  As 
a  gas,  coke,  or  house  fuel,  the  Pittsburgh  coal  seems  to  an- 
swer all  the  demands  of  the  trade. 

With  but  few  exceptions,  the  bed  is  double,  consisting  of 
a  roof  and  lower  division,  separated  by  a  cl^y  slate  parting, 
which  varies  from  3  inches  to  3  feet,  and  thins  sometimes  to 
a  mere  knife-edge. 

In  these  townships  this  parting  practically  separates  the 
poor  from  the  good  coal,  as  the  roof  coal  is  nowhere  fit  to 
mine. 

The  Roof  Dloision  varies  exceedingly,  both  in  thickness 
and  quality,  and  in  the  number  of  its  slate  partings. 

It  usuallv  carries  from  a  few  inches  to  a  foot  of  biturain- 
ous  shale  on  top,  though  this  is  more  characteristic  of  the 
northern  part  of  the  field  than  the  southern,  where  this 
shale  is  frequently  absent  and  replaced  by  a  heavy  sand- 
stone, which  caps  the  coal-bed.  This  bituminous  shale  has 
a  laminated  structure  and  a  fracture  like  cannel  coal. 

The  roof  coal  varies  from  a  few  inches  to  8  feet  in  thick- 
ness, with  generally  a  greater  thickness  in  the  north.  Or- 
dinarily it  consists  of  two  benches,  separated  by  clay  ;  but 
this  structure  is  by  no  means  typical,  for  it  occasionally 
shows  but  a  single  bench,  and  more  frequently  a  dozen  thin 
slate  partings.  Owing  to  this  fact,  and  the  large  amount  of 
ash  necessarily  contained,  this  roof  coal  is  invariably  poor 
and  unfit  for  mining. 

The  Lower  Division  of  the  Pittsburgh  coal  is  from  3^  to 
9  feet  thick,  and  shows  always  three  persistent  slate  part- 
ings, which  divide  it  into  four  distinct  benches,  known  as 
the  "Upper  or  Breast  Coal,"  the  ''Bearing-in  Coal,"  the 
"Brick  Coal,"  and  the  ''Lower  Bottom  Coal." 

The  ''^Breast  CoaV^  is  the  main  division  of  the  entire 
bed.  It  shows  usually  the  best  and  thickest  coal,  and  is 
largely  relied  on  for  the  total  output   of  any  one  mine. 
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North  of  the  river  it  occasionally  shows  a  small  parting 
near  the  top  ;  but  this  feature  is  rare  in  the  southern  por- 
tion of  the  district. 

The  ^^Bearing-in^^  division  shows  usually  from  2  to  4 
inches  of  soft  coal,  with  a  thin  slate  above  and  below  it, 
which  renders  it  always  distinct  except  in  some  few  locali- 
ties where  the  bed  is  a  block  coal  and  all  partings  are  want- 
ing. This  bench  is  so  named  from  the  fact  that  the  coal  is 
used  in  mining  to  bear  in  upon  in  order  to  gain  a  working- 
face  to  wedge  or  blast  out  other  portions  of  the  \wA,  It 
always  falls  into  a  slack  or  dust  in  mining,  and  conse- 
quently forms  no  part  of  the  coal  output. 

The  '"'Brick  (JoaV^  comes  next  under  the  Bearing-in. 
Shows  usually  through  Allegheny  county  about  12  or  14 
inches  of  coal.  It  is  named  from  the  character  of  its  coal, 
which,  through  peculiar  cleavage,  breaks  out  in  brick- 
shaped  masses.  It  generally  yields  a  good  merchantable 
coal,  but  little  inferior  to  tlve  Breast  Coal,  though  occasion- 
ally it  becomes  too  impure  to  take  up,  and  is  consequently 
left  as  a  floor  throughout  some  mines. 

The  ""Lower  Bottom  ^^  forms  the  lowest  bench  of  this  di- 
vision. It  shows  most  variation  in  thickness,  carries  numer- 
ous thin  layers  of  clay,  is  much  broken  by  cleavage,  and  is 
generally  regarded  as  utterly  worthless  in  mining.  Occa- 
sionally, however,  6  or  8  inches  of  its  top  coal  is  mined, 
wherever  the  purity  of  the  bed  warrants  it. 

In  general,  the  coal  of  the  Lower  Division  seems  to  in- 
crease in  thickness  southwards,  just  as  the  Roof  Division 
diminishes  in  that  direction,  so  that  ordinarily  a  thick 
lower  division  means  a  thin  roof  coal,  and  vice  versa. 

Thus,  from  Brownsville,  where  the  roof  is  only  4"  and  the 
lower  division  9',  the  lower  division  everyw^here  shows  a 
magnificent  bed  of  coal,  rather  softer  in  character  than  fur- 
ther north,  and  frequently  carrying  a  massive  sandstone 
roof,  or  with  but  a  few  inches  of  shale  intervening. 

In  Allegheny  county  the  lower  division  is  from  5  to  5^ 
feet  thick. 

The  fuel  from  this  division  may  be  classed  as  a  rather 
brittle,  lustrous  coal,  rich  in  combustible  matter,  and  con- 
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taining  a  varying  percentage  of  sulphur  and  ash.  Conse- 
quently we  lind  this  bed  in  one  place — the  Connellsville 
basin,  east  of  the  Fayette  anticlinal  —  a  superior  coking 
coal,  rather  soft  and  friable,  and  splitting  up  so  readily  as 
to  render  it  unfit  for  transportation  as  coal.  Passing  west 
over  the  Waynesburg  axis  into  the  Irwin- Waynesburg 
basin,  this  same  bed  becomes  hard  and  brittle,  and  its  fuel 
makes  an  tfxcellent  gas  coal.  This  basin  practically  em- 
braces the  territory  to  be  specially  referred  to  in  this  re- 
port, as  will  be  seen  on  page  126. 

Formerly  quite  an  amount  of  coke  was  produced  in  this 
district  by  the  Youghiogheny  Coal  Hollow  Co.,  at  Shaner's 
Station  ;  the  Bigley  mines  at  Alpsville  Station,  B.  &  O.  R. 
R.  ;  at  Armstrong  Station  ;  the  old  Pennsylvania  mine 
above  McKeesport ;  Stine  Bros.,  Neal  &  Oliver,  and 
Brown's  Saltsburg  works,  and  several  other  mines  all  the 
way  to  Pittsburgh. 

Only  the  slack  coal  was  utilized  at  these  works  for  cok- 
ing, the  lump  coal  being  shipped  for  gas  making. 

All  these  ovens  are  abandoned  now,  and  coking  may  be 
said  to  be  confined  to  the  Connellsville  basin  proper,  though 
in  a  portion  of  the  Greensburg  and  Irwin  basins,  near 
Irwin  Station,  on  the  Penna.  R.  R.,  excellent  coke  is  made. 

Hftre  though,  generally  only  slack  is  used,  the  lump  coal 
of  the  Westmoreland  and  Pennsylvania  Gas  Coal  Compa- 
nies being  reserved  for  shipment  and  gas  purposes.  The 
slack  from  the  mines  of  these  two  large  companies  is 
mostly  washed,  and  is  then  found  to  make  an  excellent 
coke,  low  in  ash.  The  entire  product  of  the  Pittsburgh 
Coal-bed  south  of  the  Youghiogheny  River  and  west  of  the 
Waynesburg  axis  is  at  present  shipped  for  gas  or  steam 
purposes. 

There  seems  to  be  no  finely  defined  line  of  demarkation 
as  between  gas,  steam,  or  coking  coal,  other  than  the  gen- 
eral one  just  given.  Analysis  and  structure  reveal  nothing ; 
but  practice,  the  characteristics  of  the  coal  and  perhaps, 
sometimes  a  little  prejudice  has  fixed  these  limits  as  they 
now  exist.  A  peculiar  instance  of  this  arbitrary  rule  is  the 
grading  of  coals  of  the  various  pools  along  the  Mononga- 
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hela  River,  and  the  aiBxing  of  varying  prices  in  the  mar- 
kets of  the  country  for  their  product,  which  is  frequently 
not  warranted  by  any  difference  in  the  coal  itself.  There 
certainly  is  some  variation  occasionally,  and  often  within 
narrow  limits  of  area,  but  no  law  for  this  fact  has  vet  been 
satisfactorily  applied. 

In  the  mines  of  the  New  York  and  Cleveland  Gas  Coal 
Company — for  instance,  at  Sandy  Creek  and  Plum  Creek — 
both  in  the  same  basin  and  only  a  few  miles  apart,  there  is 
quite  a  distinct  difference  in  the  character  of  the  coal  from 
the  Pittsburgh  bed.  The  Sandy  Creek  coal  is  essentially  a 
gas  coal,  while  the  Plum  Creek  coal  is  low  in  bituminous 
matter  and  is  a  much  stronger  steam  coal. 

It  may  be  well  to  record  the  well  known  cleavage  of  the 
Pittsburgh  coal-bed,  which,  when  properly  taken  advantage 
of  in  mining,  results  in  the  coal  falling  out  in  blocks,  the 
size  of  which  is  regulated  by  the  length  of  the  slips.  This 
cleavage  produces  the  ''butts  and  faces"  of  the  miners,  the 
former,  or  "butt  cleavage,"  usually  showing  bearings  of  S. 
60°-70°  E.  or  N.  60°-7()°  W.,  according  as  one  enters  the 
coal  from  opposite  sides  of  an  anticlinal,  and  these  planes 
having  nothing  to  do  with  the  line  of  greatest  dip.  The 
"faces  of  the  coal"  bear  N.  20°-30°  E.  or  S.  20^-30°  W., 
and  are  at  right  angles  to  the  butts.  The  butt  cleavage  is 
always  quite  smooth  and  regular ;  the  faces  are  rough, 
broken  and  uneven.  All  gangways  are  run  on  one  or  the 
other  of  these  planes,  in  order  to  save  the  destruction  of 
coal,  except  when  drainage  or  other  necessity  demands 
quartering. 

The  Barren  Measures. 

The  characteristic  features  of  this  series  are  the  accumu- 
lation of  sandstones  and  shales  and  the  occurrence  of  thiu' 
and  workable  coals  and  limestones. 

Now^here  in  this  district  are  any  of  the  coal-beds  of  the 
Barren  Measures  variable  or  significant. 

According  to  Prof.  Stevenson,  the  extreme  thickness  ex- 
posed in  this  district,  along  the  Monongahela  at  Pittsburgh 
and  near  the  State  line,  is  about  375  feet,  and  in  by  far  the 
12 
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greater  part  of  Greene,  Washington,  Fayette  and  West- 
moreland counties,  these  rocks  are  either  partially  obscured 
or  else  deeply  buried  under  a  covering  of  higher  measures. 

The  top  and  bottom  of  the  series,  respectively,  are  the 
Pittsburgh  Coal-hed  and  Mahoning  Sandstone^  making  an 
interval  near  the  Virginia  line  of  nearly  426  feet  (as  shown 
by  oil  wells  along  Dunkard  Creek)  and  increasing  towards 
the  north,  where,  in  Beaver  county,  the  whole  system  is 
well  exposed.  A  generalized  section  here,  by  Prof.  I.  C. 
White,  is  given  in  Report  K,  with  measurements  varying 
between  464  and  566  feet. 

The  variations  in  individual  strata  often  amount  to  25  or 
30  feet,  so  that  no  particular  section  in  any  one  part  of  the 
field  would  prove  a  reliable  guide  for  measurement  in  an- 
other district  a  few  miles  distant. 

All  these  rocks  yield  readily  to  erosion  and  create  an  at- 
tractively varied  topography  ;  but  for  this  very  reason  the 
exposures  are  few  and  imperfect,  and  generally  produce 
confusion  and  error  when  taken  as  starting-points  for  any 
measurements. 

Still,  in  order  to  afford  some  general  idea  of  this  series, 
and  to  better  illustrate  its  distinguishing  features,  the  fol- 
lowing approximate  section  is  reprinted  from  the  Payette 
and  Westmoreland  county  report,  KK,  page  65 : 

Section  of  Barren  Series. 

L  Pittsburgh  Ooal-bed, 

2.  Fireclay,  . 8' 

8.  Shale. 10' 

4.  Limestone, 6' 

6.         Coal-bed 1' 

6.  Shale 26' 

7.  Limestone 8' 

8.  Shale, 10' 

9.  Cfoal-^ed, IJ' 

10.  Limestone,     6' 

11.  Connellsville  sandstone, 60' 

12.  Shale, 86' 

13.  Coal-bed, 1' 

14.  Limestone, 4' 

16.  Morgantown  sandstone, 60' 

16.  Clay, 9' 

17.  Barton  CV>a2-^ed, 1 
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18.  Shale, 80' 

19.  Crinoidai  limestone, 4' 

20.  Shales  and  olay, 100' 

21.  Coal-bed, 2' 

22.  Shale, 60' 

28.  Blaok  Limestone  and  shale, 4' 

24.  Shale  and  shalj  sandstone, 86' 

25.  Coal-bed 2' 

26.  Shale, 80 

27.  Mahoning  sandstone. 

Total, 491|' 

No  doubt  the  above  section  has  been  compiled  and  from 
exposures  to  the  east  of  the  district  under  consideration ; 
but  it  illustrates  suflSciently  the  object  sought  for.  Of  the 
above,  the  limestone  beneath  the  Pittsburgh  coal  is  rarely 
wanting  in  this  district,  but  its  interval  varies  from  a  few 
inches  to  15'.  In  some  portions  of  the  district  a  lime- 
stone is  formed  almost  immediately  under  the  coal  and  an- 
other a  short  distance  below  it. 

The  Connellsoille  Sandstone^  so  prominent  a  feature  in 
the  section  and  in  the  region  from  whetnce  it  derives  its  name, 
can  hardly  be  regarded  as  a  persistent  member  of  the  series 
westward — at  least  as  a  sandstone.  Its  interval  is  generally 
filled  with  shale  or  shaly  sandstone  along  the  Monongahela, 
where  it  has  certainly  lost  its  characteristic  features.  It  is 
from  50'  to  80'  below  the  Pittsburgh  coal-bed  and  is  par- 
ticularly well  noticed  in  southern  Westmoreland  and  Fay- 
ette counties.  ' 

The  Morgantoxon  Sandstone^  the  next  great  sand  rock 
below  the  Connellsville  sandstone,  is  persistent  all  through 
the  field,  and  is  particularly  prominent  along  the  Monon- 
gahela river  at  Pittsburgh,  Saltzburg,  McKeesport,  Elizabeth 
and  elsewhere,  and  along  the  Youghiogheny,  within  the 
special  territory  of  this  report.  It  varies  with  the  other 
members  of  the  series  in  thickness  and  character,  but  mav 
be  always  looked  for  at  about  150'  beneath  the  Pittsburgh 
Coal.  This  fact,  taken  in  connection  with  the  Crinoidai 
limestone  at  300'  below  the  same  coal,  forms  the  only  two 
safe  guides  for  measurement  in  the  Barren  Measures  of 
the  Monongahela  district ;  these  intervals  are  easily  remem- 
bered. 
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The  Morgantown  Sandstone  received  its  name  from  West 
Virinia,  where,  at  Morgantown,  it  is  extensively  used  for 
building  purposes.  But  in  many  places  along  the  two 
great  rivers  south  of  Pittsburgh,  it  forms  bold  cliffs  of 
massive  sandstone,  creating  a  marked  feature  in  the  river 
topography,  and  an  excellent  guide  to  the  Pittsburgh  bed 
above  it  in  the  hill  tops. 

At  various  places  it  is  quarried  for  building  purposes,  and 
frequently  occurs  as  a  massive,  rather  coarse-grained-blue- 
gray  rock,  from  40  to  50  feet  thick. 

In  some  portions  of  the  field  it  becomes  shaly  and  worn 
into  pot-holes  and  weathers  freely.  On  the  P.  McK.  & 
Y.  R.  R.  it  has  been  extensively  quarried  for  ballast.  It  is 
by  far  the  most  compact  rock  of  the  series,  and  generally 
maintains  this  character  over  large  areas. 

The  Barton  Coalhed^  No.  17  of  the  section,  has  been  fre- 
quently identified  in  various  portions  of  Westmoreland  and 
Fayette  counties,  and  can  therefore  be  regarded  as  quite 
persistent. 

The  Shale^  No.  18  of  the  section,  is  no  doubt  the  Bir- 
mingham Shale  of  the  Pittsburgh  country,  which  is  quite 
thick  all  along  the  river  there,  and  very  prominently  iden- 
tified as  the  cause  for  the  great  land  slides  that  frequently 
trouble  that  region.  This  shale  shows  a  thin,  laminated 
structure,  and  is  greatly  jointed. 

The  Crinoidal  Limestone^  No.  19,  the  Green  Fossilifer- 
ous  Limestone  of  the  old  reports,  is  the  next  prominent 
landmark  in  the  geology  of  the  Barren  Measures,  though 
more  from  its  distinctive  and  peculiar  characteristics  than 
from  its  thickness.  Indeed  it  is  rarely  over  three  or  four 
feet  thick,  and  its  name  is  given  from  the  large  numbers  of 
crinoidal  stems  or  plates  that  always  accompany  it.  Its  old 
name  of  Green  Fossiliferous  Limestone  describes  its  fea- 
tures well,  for  it  is  a  dark,  greenish -gray  rock,  with  a  harsh 
uneven  fracture,  and  filled  with  its  peculiar  fossils.  But 
the  name  of  Crinoidal  limestone  has  taken  such  a  firm  hold 
in  the  region  among  those  acquainted  with  it,  that  it  is 
doubtful  whether  the  former  name  will  ever  be  used  again. 
It  stands  alone  as  a  distinct  rock  in  the  series,  and  is  con- 
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sequently  a  valuable  guide  for  measurement.  It  can  be 
well  seen  from  Pittsburgli  to  a  short  distance  above  Mc- 
Keesport  along  both  rivers,  and  everywhere  presei'ves  its 
typical  features,  except  along  the  Panhandle  R.  R.  between 
Pittsburgh  and  Sheridan  Station,  where  it  is  accompanied 
with  black  shale,  is  occasionally  quite  thick,  and  shows  a 
dull  white  or  gray  color. 

Directly  beneath  this  limestone  there  is  frequently  ob- 
served a  small  but  persistent  coal-bed.  It  is  of  no  signifi- 
cance except  as  an  additional  means  of  identification. 

The  underlying  rocks  down  to  the  Mahoning  sandstone 
are  of  little  importance,  being  mostly  shales  or  shaly  sand- 
stones, which  vary  greatly  and  abruptly.  They  are  no- 
where exposed  in  this  district,  and  need  not,  therefore,  be 
referred  to  now. 

It  remains  now  in  the  next  chapter  to  give  such  special 
description  of  the  coal  and  accompanying  measures  as  were 
met  with  in  an  examination  of  Lincoln,  Forward,  and 
Elizabeth  townships,  though  they  represent  but  a  small 
portion  of  the  field  occupied  during  the  season  of  1885. 

Oeology  and  Coal  Developments  of  Lincoln  Township. 

This  township,  the  most  northern  of  the  three  under  dis- 
cussion, is  surrounded  on  three  sides  by  the  Monongahela 
and  Youghiogheny  Rivers,  and  has  for  its  southern  boun- 
dary Wiley's  and  Logan  runs,  the  former  flowing  south- 
west, and  entering  the  Monongahela  about  f  of  a  mile 
below  Elizabeth ;  the  latter  flowing  north-east  into  the 
Youghiogheny  at  Boston,  creating  the  ravine  familiarly 
known  as  Logan  Hollow.  In  this  township  the  Pittsburgh 
Coal  lies  on  the  hill  tops,  owing  to  the  presence  of  the 
Peters  Creek  axis,  which  cuts  the  township  nearly  in  two 
equal  parts.  From  this  axis-line  north-west,  everything  dips 
towards  McKeesport  at  the  rate  of  about  75'  per  mile.  Frohi 
the  Pittsburgh  Coal  on  the  summit  to  the  Monongahela 
River,  there  is  over  250'  of  Barren  Measures  exposed.  The 
most  noticeable  feature  of  this  section  is  the  outcrop  of  the 
Morgantown  Sandstone  20'  to  30'  thick,  which  here  rises 
well  up  from  the  river,  and  presents  a  bold  escarpment. 


182  GEOLOGICAL  SURVEY  OF  PKNN'a,  1885. 

At  Robbins  &  Jeakins'  mine,  nearly  opposite  Coal  Val- 
ley, this  rock  occurs  about  130'  beneath  the  coal,  and  is 
about  25'  thick.  It  is  greatly  weathered  into  pot-holes  and 
reefs,  and  carries  some  shalv  bands.  A  little  streak  of  coal 
is  occasionally  seen  at  its  base.  The  section  continued  down 
to  the  river  125'±  more  is  imperfect,  and  composed  mostly 
of  shales.  The  rock  strata  are  visibly  rising  south-east  at 
this  point  and  falling  in  the  opposite  direction,  the  sand- 
stone descending  beneath  water  level  about  li  miles  below 
Robbins  &  Jenkins'  mine,  rising  again  to  the  north  side  of 
the  synclinal  in  the  numerous  exposures  along  the  P.  V.  & 
C.  R.  R.  north  of  McKeesport.  This  sandstone  is  largely 
quarried  near  the  Harper's  Hollow  road,  where  it  is  gray  in 
color,  compact,  and  massive.  It  has  been  used  in  repairs 
in  Lock  No.  4,  on  the  Monongahela,  and  is  about  86'  thick 
here.     Underneath  there  is  about  20'  of  variegated  shales. 

Robbins  &  Jenkins  mine  (now  W.N.  Robbins  &  Co.)  The 
Pittsburgh  Coal  is  opened  here  at  943'  A.  T.  and  about  226' 
above  the  river.  All  the  coal  mined  is  shipped  in  barges 
down  the  Ohio,  no  railroad  connection  having,  as  yet,  been 
established  along  the  east  bank  of  the  Monongahela  River. 
The  breast  coal  is  from  3'  to  3'  4"  thick,  with  4"  bearing-in 
coal,  and  1'  of  brick  coal,  with  the  usual  small  slate  part- 
ings between  these  members.  The  bottom  coal,  li  feet 
thick,  is  not  mined,  and  the  main  clay,  over  the  breast  coal, 
varies  greatly  from  6"  to  14. '^  In  some  parts  of  the  mine 
this  clay  is  a  mere  knife  edge  between  the  breast  and  roof 
members.  The  latter  are  about  3  feet  thick,  though  no  coal 
over  6  inches  is  found  in  them. 

The  coal  seen  was  rather  soft,  and  in  places  showed  slips 
of  14  inches. 

The  main  tunnel  is  driven  on  the  face  of  the  coal,  from 
which  butt  entries,  8'  wide  and  160  yards  apart,  are  driven 
at  right  angles.  The  mine  is  opened  on  the  single  entry 
system. 

A  swamp  is  reported  at  about  400  yards  from  the  pit 
mouth,  there  17'  deep,  which  is  drained  through  a  butt  entry 
to  the  Monongahela  crop,  south-west.  The  Swamp  was  no- 
ticed in  the  old  front  hill  levels  ;  but  it  appears  to  me  that 


J 


cC Invilliers.']  Pittsburgh  coal-region,  chap.  hi.        183 

any  face  gangway  here,  driven  north-west,  would  be  apt  to 
drain  itself,  owing  to  the  rapid  dip  from  the  axis  to  the 
south.  All  the  coal  south  of  the  main  gangway  (about  150 
acres)  has  been  mined  out,  and  its  drainage  had  to  be  pro- 
vided for  by  opening  out  to  the  river  crop — procuring  good 
natural  ventilation  at  the  same  time. 

In  700  yards  from  the  pit  mouth,  a  stationary  engine  does 
the  hauling  from  more  distant  parts  of  the  mine.  From 
the  engine  landing,  horses  take  the  cars  to  daylight. 

These  works  are  connected  with  the  old  Penny  mines, 
(Lynch  &  Robinson)  opposite  McKeesport,  on  the  Yough- 
iogheny.  Production  here,  when  active,  about  10,000 
bushels. 

From  Robbins'  mine,  northward,  no  other  openings  are 
made  on  the  Pittsburgh  Coal,  on  the  Monongahela  face, 
until  at  the  extreme  point  of  the  hill,  south  of  Reynolds, 
at  the  old  Hunter  mine,  about  940'  A.  T.  No  coal  has  been 
run  out  of  here  for  over  40  years.  It  was  never  largely 
worked. 

The  crop  of  the  Pittsburgh  bed  here  returns  along  the 
Yonghic»gheny  River  face  of  the  hill,  crossing  the  bill  road 
at  946'  A.  T.,  and  opened  at  the  Edmunson  mine,  about  f 
of  a  mile  from  the  junction  of  the  two  rivers,  and  956'  A.  T. 
This  old  mine  has  long  been  worked  out  and  abandoned. 

Millefs  Pit,  on  the  public  road,  was  being  robbed  of 
some  old  pillai*s,  but  it  was  not  examined. 

Lynch  &  Robinson  (formerly  Penny  Mines)  1  mile  from 
the  river  mouth,  are  next  south  along  this  crop,  at  964'  A.  T. 
and  218'  above  the  P.  McK.  &  Y.  R.  R.  track.  A  massive 
sandstone  (Morgantown)  is  quarried  in  the  run  heading  up 
to  the  mine;  25'  thick  at  about  10'  or  15' above  the  railroad 
track  level.  The  mine  was  idle  when  visited.  A  single 
entry  system  of  mining  was  pursued  here,  the  butt  entries 
being  carried  through  the  hill  to  the  crop. 

The  section  in  the  main  tunnel  is  very  similar  to  that  al- 
ready given  at  Robbins'  mine,  with  which,  as  before  men- 
tioned, it  is  connected.  The  roof  coal,  however,  shows  a 
good  4'  a  lower  division  of  coal  and  slate  2'  thick,  separated 
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by  a  foot  of  clay  from  the  upper  division  13  inches  thick, 
slaty  coal  as  well. 

Immediately  south  of  this  mine  the  hills  recede  from  the 
river  front,  and,  of  course,  carry  the  Pittsburgh  Coal  back, 
the  erosion  being  hastened  by  the  waters  of  a  good-sized 
stream.  On  a  south  fork  of  this  stream  and  close  to  the 
public  road  is 

McClure^s  Country  pit,  at  998'  A.  T.  The  coal  looks 
bright  and  clean  here.  Between  this  and  the  south  ci'op 
there  is  quite  a  narrow  ridge  of  Upper  Productive  Meas- 
ures, the  two  crops  coming  close  together  near  to  the  road 
forks  at  1108'  A.  T. 

South,  along  the  ridge  road,  the  first  small  summit  shows 
smut  of  the  Redstone  Bed  at  about  1135',  with  the  Pitts- 
burgh Coal  cropping  on  the  south  side  at  1060'  A.  T.  South- 
east of  this  there  is  a  narrowband  of  Barren  Measures  cut- 
ting out  the  coal,  beyond  which  coal  again  takes  in  at  the 
Phillips'  pit  at  1088',  still  rising  south  east.  The  coal  has 
about  50'  of  cover  here,  and  the  hill  only  contains  a  few 
acres.  In  the  rear  of  this  pit  the  last  crop  occurs  at  1108' 
A,  T.,  just  north  of  the  Jenny  Lind  school-house. 

Between  this  and  the  Calhoun  and  Crossland  coal  patches, 
the  axis  passes,  probably  not  far  from  the  "Four  Forks" 
in  the  road.  Its  passage  is  marked  as  elsewhere  to  the 
north  east  by  Barren  Measure  geology,  and  deeply  eroded, 
but  beautifully  rounded  topography.  Of  all  the  Barren 
Measure  rocks  in  the  township  the  Morgantown  Sandstone 
is  alone  of  any  consequence  or  persistence.  It  is  exposed 
for  a  considerable  distance  along  both  rivers,  and  is  largely 
quarried  for  building  purposes,  quite  extensively  at  the 
quarry  at  Sidney  Station,  of  the  P.,  McK.  &  Y.  R.  R.  It 
was  largely  used  in  the  construction  of  bridge  abutments 
on  this  road  and  stands  the  weather  excellently :  also  for 
ballast  material.  The  Productive  Measures,  above  the 
Pittsburgh  Coal,  north  of  the  axis,  are  exposed  up  to  the 
Great  Limestone,  160'  above  the  coal.  The  lower  division 
of  this  limestone  is  quarried  and  burned  on  the  summit 
east  of  the  Pleasant  Valley  school-house  in  the  Edmunson 
quarry.     The  stone  is  reported  as  making  an  excellent  lime. 
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The  Bedstone  Coal  is  worthless  and  slaty  here,  and  is  60' 
above  the  Pittsburgh,  and  the  Sewickley  Coal  horizon  was 
not  noticed. 

On  the  south  side  of  the  anticlinal  there  is  an  area  un- 
derlaid by  the  Upper  Productive  Measures  nearly  equal  to 
that  on  the  north  side  of  the  axis.  The  Pittsburgh  Coal  de- 
scends south-east  at  a  rate  of  about  75  feet  per  mile  toward 
the  streams  forming  the  southern  boundary.  Two  outlying 
coal  patches,  close  to  the  axis,  occur  between  branches  of 
Dead  Man's  Hollow  and  Harper's  Hollow,  named  respec- 
tively Keyes  and  CalJioun  CoaZ^  about  6  acres,  at  1108' 
A.  T. ;  and  the  Crossland  Coal^  about  3  acres,  at  1098' 
A.  T.  Neither  patch  has  much  cover  (about  30')  and  both 
are  only  mined  for  local  use. 

Qumhert^  Hewey  &  Co,  is  the  only  firm  mining  the  main 
body  of  the  Pittsburgh  Coal  south  to  Wiley's  Run.  Their 
opening  on  the  river  is  known  as  the  Belleoue  mine  (1050'=t 
A.  T.)  just  opposite  Blair  Station  on  the  P.  V.  &  C.  R.  R 
The  gangways  are  driven  over  a  mile  to  the  crop  in  a  branch 
of  Logan's  Hollow;  they  come  out  of  the  west  hill  at  1009' 
A.  T.  ;  cross  the  public  road  at  grade,  and  pass  under  Kil- 
gore's  house. 

Most  of  the  butt  entries  are  driven  to  the  outcrop,  thus 
providing  natural  ventilation.  The  cars  run  into  the  mine 
by  giuvity,  owing  to  the  south-east  dip,  and  a  stationary 
engine  is  located  between  the  two  hills  to  haul  the  loaded 
cars  from  the  back-hill  workings.  A  section  of  the  bed 
here  shows: 

Roof  dlyUdon, 8'  9^' 

CarbonaoeouB  shale, 4" 

Coal, 7" 

Clay, lO* 

Coal  and  partings, 2.  0 

Main  olay  parting, 8" 

liower  division, 6'  0 

Breast  eoal, 8'.  4  ' 

Bearlng-in  eoal^ 4'' 

Briokeoa2, 1.  0 

Liower  Bottom  eoal^ 1.  4 

This  mine  uses  a  wire-rope  system  of  haulage.  I  hope 
to  elaborate  the  various  modifications  of  this  system  in  the 
final  report. 
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A  combination  of  the  tail  rope  and  engine  plane  systems 
has  been  adopted  here  for  conveying  the  coal,  by  means  of 
one  engine,  from  the  workings  to  the  river  tipple.  The  tail 
rope  plane  is  the  same  as  the  engine  plane,  worked  in  both 
directions  with  two  ropes.  One  rope,  called  the  "main 
rope,"  is  nsed  for  drawing  the  set  of  full  cars  outward  ;  the 
other,  the  "  tail  rope,"  is  used  for  taking  back  the  empty 
cars,  which  on  a  level  or  undulating  road  could  not  be  re- 
turned by  gravity.  From  the  pit  mouth  out  to  the  check- 
house  there  is  a  fall  of  1  J'  in  100',  and  from  the  same  point, 
in  the  opposite  direction,  to  a  parting  inside  the  mine,  the 
fall  is  reversed  at  a  rate  of  7'  in  100'.  Both  rope  drums  are 
on  the  same  shaft,  driven  by  a  double-acting  engine  with 
two  14X24  inch  cylinders.  The  tail  rope  runs  from  the 
drum  around  a  return  wheel,  placed  about  200'  inside  the 
pit  and  under  the  rails,  and  thence  to  the  front  car  of  an 
empty  train  at  the  check-house.  Whilst  the  train  runs 
past  the  drum  the  main  rope  is  hitched  to  the  rear  car. 
When  the  train  arrives  near  the  return  wheel  within  the 
mine,  as  mentioned  above,  the  tail  rope  is  dropped.  The 
train  from  this  point  descends  by  gravity,  carrying  the  main 
rope  with  it  to  whatever  parting  is  desired.  On  the  return 
trip  of  the  full  train,  the  tail  rope  is  again  taken  up  where 
it  was  dropped  and  attached  to  the  last  car.  Onoe  outside 
the  pit,  the  engine  rope  is  dropped,  the  cars  running  by 
gravity  to  the  starting  point,  when  the  tail  rope  is  attached 
to  another  set  of  empty  cars  knd  the  trip  repeated.  A  full 
set  is  40  cars  makes  the  round  trip  in  a  half  hour. 

Along  Wiley's  run  the  Pittsburgh  Coal  is  opened  in  sev- 
eral country  pits.  The  north  branches  of  the  stream  carry 
the  coal  well  up  to  their  heads,  owing  to  the  rapid  rise  in 
that  direction.  For  a  similar  reason,  the  south  branches 
show  but  little  coal. 

At  Boyd's  opening  the  roof  shows  but  one  layer  of  coal, 
2'  6"  thick,  and  at  Peter  Wedell's  pit,  980' A.  T.,  north-east 
of  the  Hill  school-house,  the  coal  is  again  opened.  The 
coal  sections  are  quite  similar  all  through  this  region. 
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Elizabeth  Township. 

This  township  adjoins  Lincoln  on  the  south,  having  the 
Youghiogheny  River  for  its  eastern  boundary  from  Boston 
to  Pollock's  Run,  opposite  Amiesville;  the  Westmoreland 
county  line  on  the  south,  and  the  turnpike  road  running 
south  from  Elizabeth  on  the  west.  Its  northern  boundary 
has  already  been  described.  The  general  structural  features 
have  also  been  referred  to. 

The  township  practically  comprises  the  double  Waynes- 
burg  synclinal  basin  between  the  Waynesburg  and  Peters 
creek  (Roaring  run)  axes,  the  former  barely  touching  the 
south-east  corner  of  the  township,  between  Douglass  and 
.West  Newton,  and  the  latter  lying  entirely  without  and  to 
the  north  of  its  boundary.  Owing  to  this  structure,  the 
area  of  Upper  Productive  Measures  is  much  larger  here 
than  in  Lincoln,  the  Pittsburgh  Coal-bed,  in  a  general  way. 
sinking  from  the  north  to  the  south,  and  being  underwater 
level  through  seven  eighths  of  the  township. 

The  section  of  rocks  exposed  in  this  township  extends 
from  about  150'  below  to  275'  above  the  Pittsburgh  Coal,  or 
from  the  Morgantown  Sandstone  to  the  Uniontown  Coal. 

Cornell  &  Werling  mine  (W.  H.  Brown  &  Son)  is  the 
most  prominent  and  extensive  opening  in  the  Pittsburgh 
Coal  along  its  northern  outcrop.  The  pit  mouth  is  989'  A. 
T.,  located  at  the  head  of  the  east  fork  of  Ix)gan's  Hollow, 
south  of  Boston,  and  about  3f  miles  above  the  mouth  of 
the  Youghiogheny  river.  The  mine  is  not  a  very  old  one, 
having  been  opened  in  '65  by  Duncan,  Cornell  &  Werling, 
from  whom  it  takes  its  name. 

The  opening  is  some  distance  from  the  river  (probably 
one  mile)  where  the  coal  is  screened  into  its  several  sizes  for 
river  shipment.  The  former  proprietors  sent  the  entire  pro- 
duct of  their  mine,  some  20,000  bushels  of  lump,  nut,  and 
washed  slack,  to  Cincinnati,  for  gas  purposes. 

In  this  mine  is  one  of  the  best  examples  of  single-entry 
mining  in  the  district.  Tlie  main  entry  is  quartered,  driven 
S.  14"^  E.,  about  one  mile  to  a  rear  crop  in  Wild  Cat  Hollow, 
and  falls  with  the  coal  in  that  direction  94  feet  to  895'  A. 
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T.  Crossing  the  ravine,  here  about  150  yards  wide,  it  con- 
tinues into  the  second  hill  at  a  still  lower  elevation,  and 
will  no  doubt  continue  to  fall  to  the  first  sub-division  of 
the  Waynesburg  synclinal,  nearly  one  and  one  half  miles 
further. 

The  face  entries  are,  of  course,  laid  at  an  angle  to  the 
main  gangway,  about  S.  23°  W.  and  8'  wide,  and  150  yards 
apart,  from  which  the  butt  entries  are  driven  S.65°  E.  through 
the  field  of  coal.  By  this  means  all  the  coal  in  the  river 
front  will  be  drawn  into  the  main  entry,  and  through  it  to 
the  Wild  Cat  Hollow.  Between  entries  or  rooms  is  thirty 
feet.  The  rooms  start  from  an  entry  6'  wide,  and  in  21  feet 
they  widen  to  24',  thus  leaving  an  entry  pillar  of  coal  24'x21'. 

The  feature  of  room-driving  is  a  little  peculiar,  opening 
out  9'  on  each  side  of  the  six-foot  entry.  This  plan  is  said  to 
work  well.  The  rooms  are  carried  in  75  yards,  with  6'  of 
coal  between  them  at  the  entries,  thinning  down  almost  to 
nothing  when  the  two  sets  of  rooms  meet.  The  pillars  on 
each  side  of  the  main  entry  are  15'  thick.  Ventilation  is 
obtained  from  a  furnace  located  in  one  of  the  old  O'Neil 
mine  gangways. 

An  average  section  of  the  coal  here  shows : 

Carbonaoeous  shale, 2'  -f- 

Roof  division, 4'  .2 

Coal, ro-' 

Clay, 9" 

Cosj  and  slate  partings, 2' 5  ' 

Main  clay  parting, 0'  8" 

Lower  Diyision 6'  9" 

Breast  Coa2, 8'  4" 

Bearing-in  Coal^ 4'' 

Briok  Coai, 1' 2" 

Lower  bottom  Coal, '  .  .  11" 

The  lower  bottom  coal  is  frequently  very  clean  in  this 
mine  and  is  occasionally  taken  up.  Horsebacks  are  met 
with  between  the  first  and  second  roof  members.  There  is 
also  a  small  swamp  in  the  first  hill  about  400  yards  from 
pit  mouth.  The  following  section  shows  beyond  a  clay 
horseback : 

7.  Clay, 0'    8" 

6.  Coal  (block), 0*    8" 

6.  Clay, O*    8" 
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4.  Coal 1'  2" 

8.  Clay, 0'  3" 

2.  Coal,      1'  2" 

1.  Main  cUy  parting, 0'  7" 

Above  the  upper  clay  No.  7  is  coal  about  12"  to  14" 
thick,  and  then  about  eight  inches  of  clay,  and  above  that 
ferriferous  (?)  clay  limestone ;  then  carbonaceous  shale  and 
sandstone  roof.    All  the  roof  coal  is  dirty  and  worthless. 

In  some  parts  of  the  mine  the  main  clay  shows  double, 
becoming  about  2^'  thick  and  carrying  3"  of  coal  in  the 

centre. 

An  extensive  wire  rope  plant  for  haulage  is  in  operation 
here,  which  is  one  of  the  oldest  of  the  kind  in  the  country. 

The  system  adopted  here  is  the  "engine  plane"  the 
simplest  of  all  systems  where  circumstances  permit  its  use. 
It  requires  only  a  single  rope  the  length  of  the  plane  and 
the  power  of  the  engine  only  half  the  time.  But  while  it 
can  be  adopted  on  roads  with  curves  and  variable  grades, 
the  /all  must  be  in  one  direction  and  of  suflScient  inclina- 
tion to  enable  a  full  set  of  empty  cars  to  return  to  the  work- 
ings by  gravity^  dragging  the  rope  behind  them.  These 
conditions  prevail  in  this  instance. 

The  system  consists  of  two  engine  planes,  one  for  lowering 
the  coal  from  the  pit  mouth  to  the  river  tipple  ;  the  other 
for  transporting  the  coal  from  within  the  pit  to  the  mine 
check-house.  The  former  is  something  over  a  mile  long, 
with  several  sharp  curves  made  necessary  by  the  sinuosities 
of  Logan's  Hollow;  the  latter  is  about  a  mile  long,  with  a 
falling  grade  of  3f  per  cent.  Each  plane  has  its  own  engine, 
located  near  the  pit  mouth.  That  for  the  inside  haulage 
has  a  pair  of  10"  cylinders,  24"  stroke,  10'  wheel,  and  5' 
drum.  The  incline  engines  are  of  larger  size,  12"X24",  with 
an  8'  drum.  Both  engines  do  sei-vice  at  the  same  time,  so 
that  each  rope  receives  and  dispatches  the  set  of  cars  just 
raised  by  the  other  rope.  For  the  outside  plane,  a  J  inch 
steel  rope  is  used ;  the  inside  rope  is  1^",  consisting  of 
6  strands  of  7  wires  each,  and  a  center  strand  of  7  wires, 
making  in  all  49  wires. 

A  trip  consists  of  about  35  cars,  each  holding  25  bushels 
of  screened  coal.     They  are  brought  from  the  inner  parting. 
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at  a  speed  of  12  miles  per  hour,  to  a  switch  just  outside 
the  pit  mouth,  where  the  rope  is  knocked  oflf,  the  cars  taking 
the  left  hand  and  lower  track  and  descending  by  their  own 
momentum  to  the  head  of  the  river  incline.  Here  the  rope 
of  the  river  engine  is  hitched  on  to  the  tail  endot  the  train, 
which  descends  to  the  tipple  by  gravity.  No  time  whatever 
is  lost  in  these  transfers.  This  rope  is  then  transferred  to 
the  head  of  an  empty  train  waiting  at  the  tipple,  and  re- 
turns this  train  to  the  head  of  the  incline.  The  empties 
are  here  switched  oflf,  without  loss  of  motion,  to  the  upper 
right  hand  track  and  their  momentum  is  sufficient,  with  the 
down  grade,  to  carry  them  into  the  mine,  dragging  the  pit 
rope  after  them. 

More  than  ordinary  care  is  taken  of  these  ropes.  They 
receive  a  coating  of  pine  tar  periodically  and  the  rollers  are 
oiled  every  other  day.  The  latter  have  a  diameter  of  8" 
and  are  set  20'  apart.  For  the  curves,  cast-iron  sheaves,  of 
12''  diameter,  set  between  the  two  rails  at  a  slight  angle  are 
generally  used. 

The  rope  attachment  consists  of  a  goose-neck  socket,  14" 
long,  riveted  with  three  |"  rivets,  and  coupled  to  a  chain  10' 
long,  with  swivel  and  clevis  at  the  other  end. 

In  descending  the  outer  incline,  the  coupling  chain  is  led 
under  the  last  car  and  hitched  to  the  pulling  bar  of  the  next 
to  last  car,  for  the  purpose  of  holding  it  down  and  making 
the  rope  drop  into  the  guiding  sheaves  at  the  curves. 

The  car-coupling  here  is  rigid.  In  addition  to  it,  there 
are  two  safety  chains  attached  to  the  cars. 

All  the  larger  mines  of  the  district  are  gradually  adopt- 
ing some  system  of  wire  rope  haulage,  and  it  can  be  safely 
said  that  owing  to  the  structure  of  the  bed  and  the  frequent 
necessity  of  opening  it  on  the  dip,  in  no  other  region  can  it 
be  applied  with  better  advantage  or  with  more  justification. 

The  O'Neill  miiie^  999'  A.  T.,  is  at  the  head  of  the  main 
branch  of  Logan's  Hollow,  about  one  mile  south-west. 
This  i^roperty  is  now  owned  by  W.  H.  Brown  &  Sons,  who 
operate  it  in  conjunction  with  their  Curnell  and  Werling 
mine.  The  pit  mouth  is  about  1^  miles  from  the  river,  and 
the  main  gangway  enters  fully  10'  below  the  Pittsburgh 
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Coal-bed,  by  which  a  north  drainage  into  the  Youghio- 
gheny  was  obtained  for  some  of  the  front  coal.  The  work- 
ings extend  mainly  south-west,  and  over  on  to  tlie  head- 
waters of  Wilev's  run.  In  the  field  back  of  Wedell's  B. 
S.  S.  there  is  a  pump  shaft  from  which  the  water  of  the  mine, 
naturally  collecting  in  this  direction,  is  pumped.  The  bot- 
tom of  the  Pittsburgh  Coal  is  here  955',  or  40'  below  the  top 
of  shaft,  and  44'  below  the  pit  mouth. 

There  is  quite  an  acreage  of  untouched  coal  on  the  west 
side  of  Wedell's  run,  which  will  be  run  out  through  the 
Cornell  and  Werling  gangways  since  the  merging  of  the 
two  properties. 

The  mine  was  closed  when  visited,  and  the  following  sec- 
tion is  given  in  K*,  page  200 : 

Garbonaoeous  shale. 

Roof  division, 6'± 

Main  olay  parting, from  0"  to  4'   0'' 

Lower  division.    Breast  Coal^ 8'   8" 

Parting, \" 

Bearing-in  Coal^ 81" 

Parting, 1" 

Brick  CoaZ, 11" 

Parting, |" 

Lower  bottom  Coal^ 1'   4'- 

Under-daj. 

''  The  main  over-clay  is  absent  in  a  large  portion  of  the 
mine,  and  in  other  places  it  varies  from  six  inches  to  four 
feet  in  thickness." 

South-west  along  Wiley's  run,  back  of  the  village  of 
Lovedale,  is  the  Lovedale  mine,  (John  A.  Wood  &  Son,)  at 
953'  A.  T. 

The  pit  mouth  is  located  high  in  the  hill,  very  nearly  a 
mile  from  the  Monongahela  River.  .  There  is  a  plane  from 
the  check  house  to  the  foot  of  the  hill,  where  the  loaded 
cars  are  taken  in  trains  of  20  to  26  cars  by  a  locomotive  to 
the  river  tipple.  The  Pittsburgh  Coal  at  this  mine  is  about 
235'  above  Pool  No.  2.  All  the  countrv  between  here  and 
the  river  is  too  low  to  catch  the  coal- bed.  The  coal  at  the 
Lovedale  pit  dips  rapidly  south-west  into  the  Waynesburg 
synclinal,  the  first  sub-division  of  which  is  about  2,600 
-yards  from  the  outcrop. 
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Prom  tbe  pit  mouth  to  where  the  coal  goes  undercover  at 
the  head  of  the  south  fork  of  Wiley's  run  is  about  1,200 
yards.  It  is  opened  here  at  the  old  Mortrm  pit  at  908'  A. 
T.,  or  45' below  the  main  opening.  This  is  at  the  rate  of 
about  7o'  per  mile,  elsewhere  noted.  The  main  entry  is 
driven  S.  50°  E.  for  700  yards,  and  from  there  S.  35°  B.  for 
about  750  yards,  which  is  likewise  the  direction  of  a 
'"swamp"  developed  here.  The  main  gangway  at  this 
point  is  about  as  far  south-east  as  the  Morton  pit,  but  about 
200  yards  E.  N.  E.  of  it.  The  elevation  here  is  about  850', 
or  58'  lower  than  the  crop  at  the  Morton  pit.  This  swamp 
is  reported  as  100'  deep  and  700  yards  in  width.  Its  direc- 
'tion,  transverse  to  the  general  basin  of  the  coal,  is  peculiar, 
and  if  it  shall  be  found  to  extend  further  south-east,  be- 
yond the  south  property  line  of  John  A.  Wood  &  Son,  it 
may  have  some  bearing  upon  the  noticeable  difference  in 
elevation  (22')  in  the  coal  on  the  north  and  south  sides  of 
Douglass  run,  2i  miles  to  the  south-east. 

This  mine  is  seriously  troubled  throughout.  In  an  entry 
east  of  the  swamp  there  is  a  bad  roll  in  the  under  clay  bearing 
north  and  south  through  the  rtiine,  which  has  faulted  the  coal 
about  two  feet.  The  clay  swells  and  lifts  the  coal  along  one 
side  of  the  fault  and  cuts  away  some  coal  on  the  other  side 
(KK,  377.)  Along  this  line  of  fault  the  coal  is  highly 
polished. 

Clay  veins,  spars,  and  soot  veins  are  met  with  frequently, 
but  more  to  the  south  of  the  main  gangway  than  to  the 
north,  the  latter  rendering  the  coal  somewhat  soft. 

The  carbonaceous  shale  overlying  the  roof  coal  is  likewise 
generally  thin  throughout  the  mine  and  frequently  absent. 
Some  gas  is  likewise  reported,  especially  in  the  entries. 
Ventilation  is  secured  by  a  furnace  in  the  north  part  of  the 
mine  and  by  the  exhaust  steam  from  the  pumps.  In  spite 
of  the  many  irregularities  of  the  bed  here,  the  general  pro- 
duct bears  shipping  well,  and  has  a  high  reputation. 

The  mine  is  worked  under  both  the  double  and  single 
entry  systems. 

The  same  method  for  hauling  the  coal  is  used  here  as 
already  described  at  Gumbert  &  Haly's  works.    The  great. 
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diflference  of  elevation,  caused  by  the  swamp  in  the  main 
entry,  provides  for  the  rapid  return  of  the  empty  cars  by 
gravity. 
A  section  of  the  coal  bed  here  gave : 

Roof  division. 

Cmrbonaoepiu  shaie, 4" 

Coal, 2" 

8hale, 4" 

Coal, 10" 

Clay, r    -»" 

Coal, 1'    6" 

Main  day  parting, 10' 

Lower  division^ 

Breast  Cbaf, 8'    0" 

Bearing-in  Coal, 8" 

Brick  Coal, ' 1' 

Lower  bottom  Coal, 1' 


>    4'    6" 


VI 


5'    5 


11 


In  the  '*  swamp"  entry  all  the  members  are  thicker.  The 
lower  division  shows : 

Over-day, 1'  0" 

Breast  Cba2 8'  0" 

Bearlng-in  Coal, 6' 

Brick  Coal, 1  2" 

Bottom  Coal, 1'  8" 

There  is  about  1  foot  of  clav  between  che  coal  and  under- 
lying  limestone.  Above  the  Morton  pit,  the  Redstone  Coal 
was  opened  by  Mr.  Wycoflf .  The  opening  is  abandoned, 
and  the  coal  was  from  3  to  4  feet  thick. 

Between  Wiley's  run  and  Falling  Timber  run,  entering 
the  river  at  Elizabeth,  the  coal  is  not  opened. 

The  divide  is  narrow  and  the  coal  high  all  through  the 
property  of  Isaac  Wycoff  s  heirs.  After  heading  up  a 
branch  stream,  nearly  to  the  West  Bay  line,  the  Pittsburgh 
Coal  finally  goes  under  water  level  on  the  main  stream  along 
the  turnpike  road  near  the  village  of  Hilldale,  at  Horner  & 
Roberts'  pit — to  be  described  presently.  It  is  opened  on  the 
Elizabeth  township  side  of  the  road,  just  opposite  the  vil- 
lage hotel,  at  887',  and  50'  above  it,  along  the  road,  the 
Redstone  Coal^  about  4'  thick,  shows  above  Van  Kirk's  at 
937'  A.  T.  The  main  road  rises  to  the  south-east  to  a  sum- 
mit (1092^)  at  the  cross-roads  below  the  Round  Hill  church. 
This  is  about  the  center  of  the  Waynesburg  synclinal  and 
13 
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the  highest  measures  in  these  three  townships  are  exhibited 
in  this  vicinity.  The  country  to  the  north-east,  in  the  neigh- 
borhood of  Harmony  school-house,  takes  in  the  Waynes- 
hurg  Coal'hedoi  the  Upper  Productive  Measures,  350'  above 
the  Pittsburgh  Coal,  and  with  a  considerable  concealed  sec- 
tion above  this. 

The  Round  Hill  church  is  on  the  upper  or  Uniontown 
division  of  the  Great  Limestone,  12'  to  14'  thick,  witli  the 
Unio7itoion  Coal  above  it,  while  the  road  intersection,  noted 
at  1092',  about  40'  below  the  church,  is  in  the  lower  divi- 
sion. This  limestone  must  be  quite  thick,  (80'  to  100',)  and 
its  presence  is  readily  seen  in  the  beautiful  farms  of  the 
Pierce  or  Piers  family,  lying  further  to  the  south-east, 
along  Pierce's  Fork  of  Howell's  Creek. 

Beneath  the  limestone,  the  horizon  of  the  Sewickley  Coal 
is  marked  with  about  one  foot  of  carbonaceous  matter. 
Beneath  is  sandstone  and  sandy  shales  for  25  feet,  and 
then  the  Fishpot  limestone,  about  10'  thick.  Below  this, 
sandy  shales  again  occur  to  the  Redstone  Coal„  about  four 
feet  thick.  The  coal  is  slaty  and  evidently  worthless,  and 
lies  about  60'  above  the  Pittsburgh  Coal,  which  is  first  seen 
on  the  stream  at  about  800'  A.  T.,  about  200  yards  west 
of  the  B.  S.  S.  As  compared  with  the  opening  on  the  west 
side^of  the  summit  at  the  village  of  Hilldale,  the  coal  is 
here  87'  lower.  This  opening,  however,  should  evidently 
be  compared  to  the  crop  at  the  Lovedale  pit,  from  which  it 
lies  about  S.  40°  E.,  along  the  line  of  dip.  Here  we  find 
a  difference  of  153'  in  about  3i  miles.  But  in  the  first 
1500  yards  from  Lovedale  the  coal  falls  108'  along  the 
swamp  entry,  and  measured  outside  along  the  crop  the  face 
is  45'  in  1200  vards.  Even  at  this  lesser  mte  the  coal  at  the 
B.  S.  S.,  on  Howell's  run,  would  stand  at  fully  100'  beneath 
its  present  elevation — were  the  dip  uniform.  Prom  develop- 
ments along  the  northern  crop,  however,  there  is  every  rea- 
son to  believe  this  dip  is  regular  for  the  first  mile  and  a  half 
south-east  from  Lovedale,  souili-east  of  which  point  the 
coal  must  rise  over  the  subordinate  anticlinal  dividing  this 
basin,  in  order  to  outcrop  again  at  the  B.  S.  S.  at  800'  A.  T. 
And  this  point  cannot  be  far  from  the  central  line  of  the 
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trough  of  the  southern  sub-division  of  the  basin.  For  south 
of  Douglass  Hollow,  which  is  made  up  of  the  joint  streams 
of  Howell's  run  and  Pierce's  fork,  the  effect  of  the  Waynes- 
burg  axis  is  evidenced  in  the  south-east  rise  of  the  coal  to- 
wards Pollock's  run.  The  rise  is  slight,  owing  to  the  feeble- 
ness of  the  anticlinal  here,  which  is  bent  aside  on  the 
Youghiogheny  towards  Sewickley  creek,  in  Westmoreland 
county.  Accordingly,  after  rising  along  the  Youghiogheny, 
from  819'  A.  T.,  at  the  Pacific  mine,  to  838'  A.  T.,  at  the 
Meadow  pit,  42(X)'  below  the  mouth  of  Pollock's  run,  the 
Pittsburgh  bed  falls  to  833'  A.  T.  at  500'  below  the  run  ;  to 
761'  A.  T.  at  the  Kreps  pit,  just  across  the  county  line,  op- 
I)osite  Sewickley  station,  B.  &  O.  R.  R.;  to  707'  A.  T.,  at 
the  West  Newton  Coal  Co.'s  shaft,  about  half  a  mile  north 
of  the  west  entrance  to  the  river  bridge,  until  finally  sinking 
into  the  bottom  of  the  Lisbon  basin  at  Port  Royal,  at  about 
650'  A.  T. 

As  yet  comparatively  little  development  has  been  made 
in  the  south-east  corner  of  Elizabeth  township — at  least  the 
present  developments  have  not  yet  been  extended  far  enough 
to  warrant  definite  conclusions  as  to  the  form  of  this  inter- 
esting basin. 

Messrs.  James  fl.  Hopkins  and  W.  G.  Howell  have  each 
a  very  large  territory  of  coal  land  here,  the  balance  being 
held  in  small  blocks  by  their  respective  surface  owners. 
The  Pittsburgh  Coal  nowhere  crops  on  Mr.  Howell's  lands, 
being  entirely  under  cover.  Its  natural  opening  would  be, 
of  course,  through  the  trough  of  the  Waynesburg  Basin, 
by  a  connection  along  Howell's  creek. 

Along  the  eastern  border  line  of  Elizabeth  township  the 
Pittsburgh  bed  is  everywhere  above  water  level,  neither  of 
the  sub-divisions  of  the  Waynesburg  trough  being  suffi- 
ciently deep  to  carry  the  coal  below  the  Youghiogheny 
River.  Its  crop  line,  however,  continually  approaches  the 
river  bank  from  the  north  southward,  and  so  feeble  is  the 
anticlinal  roll  between  the  two  sub-basins  in  this  part  of  the 
field,  that  from  Buena  Vista  to  the  Westmoreland  county 
line  the  coal  elevations  vary  within  30  feet. 

Slack-water  navigation  formerly  extended  throughall  this 
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territory,  and  many  abandoned  pits  give  evidence  of  the  im- 
portant contribution  these  mines  furnished  to  the  lower 
Ohio  market.  Slack- water  at  present  extends  only  to  Bos- 
ton, but  the  construction  of  the  Pittsburgh,  McKeesport  & 
Youghiogheny  branch  of  the  P.  &  L.  E.  R.  R.  from  Pitts- 
burgh, along  the  west  branch  of  the  Youghioffheny  to  New 
Haven  (Connellsville)  has  again  thrown  open  this  region  to 
the  railroad  trade,  at  least,  and  several  important  openings 
are  of  comparatively  recent  date.  While,  therefore,  devel- 
opment here  has  not  advanced  as  rapidly  as  elsewhere,  the  re- 
cent openings  have  made  use  of  the  experience  of  others, 
and  attest  in  their  general  arrangement  an  intention  to  mine 
coal  vrell  and  cheaply.  Nowhere  between  this  point  and 
Pittsburgh  does  the  great  commercial  bed  of  the  region 
reach  the  same  favorable  relation  to  water  and  railroad  levels. 
The  inclines  are  short  and  grades  favomble,  the  coal  acre- 
age comparatively  compact  and  regular,  and  with  the  high 
reputation  of  the  "Youghiogheny  Gas  Coal"  already  estab- 
lished, this  section  seems  to  be  exceptionally  favored. 

At  the  great  bend  between  Boston  and  Green  Oak,  the 
coal  is  a  mile  from  the  river ;  the  front  hills  are  low,  and 
made  up  of  about  250'-300'  of  the  Ban^en  Measures,  with 
characteristic  undulated  and  rounded  topography  ;  the  sec- 
tioti  is  imperfect.  In  Bunker  Hill  the  coal  is  about  1,000'  A. 
T.  Taken  in  order  southward,  the  first  opening  is  the  old 
Eagle  Nest  mine,  (Green  Oak  mines,)  whose  pit  mouth  is  232' 
above  the  P.,  McK.  &.  Y.  R.  R.  track,  or  about  988' A.  T. 

The  Eagle  Nest  mine  is  nearly  worked  out,  some  few 
pillar-stumps  still  remaining,  and  the  incline  is  fast  falling 
to  decay.  Single  entry  system  prevails  here.  The  main 
entry  is  opened  on  the  face  of  the  coal.  The  south  rooms 
are  all  abandoned,  and  the  present  work  is  confined  to  the 
pillars  lying  to  the  north  of  the  main  gangway.  The  coal 
is  very  dusty.  The  breast  coal  is  about  3'  6"  and  main 
over-clay  9". 

Further  south  along  the  crop  two  other  abandoned  open- 
ings have  been  made  in  the  Pittsburgh  Coal  on  either  side 
of  a  small  ravine  at  the  McQuislon  and  Rupert  pits,  bdth 
at  about  900'  A.  T.     In  Duncan's  Hollow,  south  of  the  sta- 
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tion  of  that  name,  two  more  abandoned  openin<rs  occur  at 
862',  beyond  wliich  the  Pittsburgh  bed  was  opened  at  Cou"* 
ternille  piU  and  is  mined  at  Dravd's  country  pit  at  847'. 

The  coal  is  clean  and  bright  here,  though  only  used  for 
local  purposes.  Just  below  Duncan  Station,  on  the  P., 
McK.  &  Y.  R.  R.,  there  is  a  curious  instance  of  false  bed- 
ding in  the  Barren  Measures,  about  100'  below  the  Pitts- 
burgh Coal. 

Just  above  the  railroad  the  following  section  is  exhibited 
in  which  the  disturbance  occurs : 

Sandy  shale, 12' 

Sandstone— with  some  little  shale, 8' 

Blaok  shale— with  ooai  strealis, 8' 

Shale,         .   .             2' 

Flinty  limestone  to  railroad 8' 

The  sandstone  layer  completely  cuts  out  the  underlying 
measure  and  curves  over  on  to  the  track,  suggesting  a  repe- 
tition of  the  conditions  prevailing  at  Teraperanceville,  in 
the  high  bluflf  along  the  Panhandle  road  below  Pittsburgh. 

This  same  disturbance  repeats  itself  further  north  for  100 
yards,  the  rocks  of  the  above  series  being  often  tilted  up 
to  an  angle  of  40°  by  ''  horsebacks"  and  "wedges"  of  sand- 
stone, which  do  not  seem  to  disturb  the  overlying  shale 
rocks  in  the  least.  The  measures  all  rise  rapidly  north- 
west down  stream,  carrying  these  rocks  into  the  hills  where 
they  are  covered  up.  North-east,  along  the  point  and  just 
opposite  Dravo's  station,  the  Lake  Shore  Gas  Coal  Co.  are 
operating  at  the  old  Ciera  mine  at  808'  A.  T.  This  mine 
was  formerly  quite  actively  worked  for  the  river  trade. 
But  until  quite  recently  the  works  were  abandoned  for  over 
fifteen  years.  The  south-east  dip  of  the  rocks  has  carried 
the  Barren  Measures  pretty  well  under  the  railroad,  the 
Pittsburgh  Coal  here  being  only  about  45'  above  the  track. 
The  present  opening  is  designed  for  the  railroad  trade  en- 
tirely, and  is  about  1450'  south  of  the  old  pit,  which  will 
open  up  almr)st  entirely  new  territory.  The  mine  is  opened 
on  single  entry  system,  the  main  entrj'^  being  quartered  to 
the  south-west  and  in  700  yards.  The  butt  entry  from  the 
pit  mourh  is  driven  to  the  crop  in  a  ravine  back  of  the  river 
hill,  thus  securing  ventilation.     The  drainage  is  toward  the 
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river.  About  thirty  rooms  have  been  turned.  The  coal  here 
shows  a  lower  division  of  Breast  coal^  3'  6";  Bearing-in  coal, 
0.4";  Brick  coal,  I'to  1'5";  Slate,  i";  Lower  bottom,  12"— 
16".  Both  breast  and  brick  coal  are  mined  on  the  south  side 
of  this  hill.  Two  abandoned  pits  are  located  just  at  String- 
town,  known  as  the  Stringiowri  and  Charleston  mines,  both 
at  about  800'  A.  T.,  and  about  one  third  of  a  mile  apart. 

The  former  was  worked  for  about  live  years  prior  to  1861, 
and  mined  about  thirty  acres  of  coal ;  the  latter  for  about 
seven  years  until  1865.  Both  are  small  and  long  since 
abandoned.  They  drain  south-east  into  the  river,  which  is 
here  flowing  nearly  into  the  trough  of  the  northern  sub- 
division of  the  Waynesburg  Basin.  The  centre  line  may 
be  said  to  pass  approximately  through  the  workings  of  the 
South-ioest  Gas  Coal  Company  mine^  whose  pit  mouth  is 
at  810'  A.  T.  This  company  is  working  the  Pittsburgh 
bed  in  the  A.  M.  Bell  property,  which  is  practically  bounded 
on  the  north  by  a  branch  of  Wild  Cat  Hollow  at  Buena 
Vista,  and  on  the  south  by  a  ravine  and  the  W.  L.  Scott  coal. 

It  may  be  remarked  here  that  the  almost  universal  north- 
east rise  of  all  the  coal  has  been  temporarily  interrupted 
here,  for  north-east  along  the  river  and  across  to  West- 
moreland county  the  coal  levels  decline,  as  will  be  seen  on 
inspecting  the  elevations  of  the  Pittsburgh  bed  around 
Shaner's  and  Guffey's  Station  on  the  B.  &  O.  R.  R.  This 
is  indicated  in  the  detailed  map  showing  the  contour  lines 
of  the  floor  of  the  Pittsburgh  Coal-bed. 

The  South-west  Gas  Coal  Co.'s  mine  is  opened  on  the 
single  entry  system,  which,  indeed,  prevails  to  a  great  ex- 
tent through  this  region. 

The  ravine  of  Wild  Cat  run  carries  the  Pittsburgh  Coal 
well  up  to  the  heads  of  its  branches,  owing  to  the  rapid  N. 
W.  rise  of  the  measures  to  the  anticlinal. 

The  coal  is  opened  in  several  pits  north-west  of  Buena 
Vista.  The  Cornell  &  Werling  rear  pit  is  the  one  nearest 
the  head  of  the  main  stream,  the  coal  going  under  water 
level  on  the  public  road  a  hundred  yards  north-west,  with 
the  Redstone  Coal  above  it  50'-60',  and  about  3  feet  thick. 
The  limestone  underlying  the  coal  is  very  well  exposed  all 
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through  this  ravine  and  in  the  run,  and  it  is  about  10'-12' 
thick.  About  1,200  yards  down  stream,  on  the  north  side 
of  the  public  road,  opposite  Patterson's,  the  coal  is  opened 
at  J.  JR.  ffenderson's  upper  pit^  59'  below  the  Brown  tun- 
nel coal,  at  836'  A.  T.     The  coal  here  shows  : 


r  0"  \ 

V    0"       ^, 

A'  in'/   ! 


Boof  diviaiOD. 

UarbonaoeeoB  shale, 

Coal, ^'    <^'  I    4'  10" 

Clay, 0'  10"  I 

Coal, 2'    0'  j 

l£ain  olay  parting, , 10" 

Lower  diviBion. 

Breaat  Coal, 8'    1"  1 

Bearing-in  Coal, !  .   O'    8"  ^    5/    ^u 

Briok  Coal, 

Lower  bottom  Coal, 


0*  8"  [ 
1'  O*'  f 
1'    2'  J 


The  roof  division  coal  is  very  slaty,  with  numerous  thin 
partings.  • 

Opposite  Daggait's  Hollow  the  coal  is  again  opened  at 
Henderson^ s  Lower  pit^  near  the  outskirts  of  Buena  Vista, 
at  816'  A.  T.    The  bed  section  is  well  shown  here,  as  follows : 

CarbonaoeoaB  shale, 1'    0" 

Coal,     10" 

Clay  slate, 11" 

Coal, V  11" 

Main  olay  parting, O' 11" 

Breast  a>a{, ;  .   .  .  .  8'   0" 

Bearing-in  Coal, 5" 

Brick  Coal, 1'  0" 

Lower  Bottom  Coal, .  1'   0" 

South-west  from  here  and  up  Daggart's  Hollow,  the  first 
opening  is  Dag  gar  €  s  Lower  pit,  at  816'  A.  T. 

Daggarfs  Upper  pit  is  opened  200  yards  up  the  hollow 
from  the  last  at  821',  and  close  to  the  last  appearance  of  the 
coal. 

Eichefs  pit,  on  the  north  side  of  the  road,  is  at  816'. 

Eicher*8  pit,  on  the  south  side  of  the  road,  is  at  821'. 

The  appearance  of  the  coal  in  all  these  openings  is  very 
similar  to  that  on  Howell's  Run  further  south. 

In  report  KK,  p.  376,  the  following  reference  to  one  of 
them  appears : 

''A  curious  clay  vein  occurs  near  the  mouth,  which  faults 
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the  coal  nearly  10".  At  the  base  is  a  broad  roll  of  the  un- 
der-clay,  but  above  it  suddenly  narrows  and  passes  almost 
vertically  through  the  coal,  throwing  oflf  a  brancli  on  each 
side  as  it  enters  the  main  clay,  and  again  as  it  goes  through 
the  clay  of  the  roof  division.  It  spreads  out  for  a  little  way 
on  the  top  of  the  bed,  but  does  not  affect  the  overlying 
shale." 

South  along  the  river  from  the  ravine,  cutting  off  the 
South-west  Gas  Coal  Company's  tract,  a  large  area  of  the 
Pittsburgh  Coal  is  owned  by  W.  L.  Scott,  of  Erie,  Penna. 
The  position  of  this  body  of  coal,  which  is  practically  com- 
pact, is  shown  on  the  map,  and  comprises  about  1,600  ± 
acres.* 

Here  are  located  the  Ocean  mines,  Nos.  4,  3,  and  2,  the 
two  former  in  a  little  ravine  600  vards  north  of  the  vil- 
lag^  of  Industry,  and  through  which  a  siding  is  laid  from 
the  P.,  McK.  &  Y.  R.  R.  ;  the  latter,  Ocean,  No.  2,  about 
400  yards  south  from  Industry,  immediately  above  the  main 
track,  the  coal  being  dumped  directly  from  the  semens  of 
the  tipple  spanning  the  railroad. 

In  addition  to  these  two  openings,  Mr.  Scott  has  a  third. 

Ocean  No,  i,  on  the  Westmoreland  county  side,  at  Scott 

Haven,  where  an  extensive  plant  and  miner's  village  exists 

for  the  development  of  these  mines.     The  latter,  of  course, 

ships  via  the  B.  &  O.  R.  R.     This  mine  will  be  referred  to 

in  detail  at  some  future  time,  lying  without  the  district 
under  discussion. 

The  pit  mouth  is  about  30'  above  Scott  Haven,  (Moore's 
Station,)  B.  &  O.  R.  R.,  or  793'  A.  T.,  and  about  60'  above 
the  river.  The  coal  falls  gently  to  the  north-west^  or  down 
river,  into  the  Waynesburg  Basin. 

The  lower  division  coal  benches  are  44",  4",  12",  and  12", 
respectively,  the  lower  bottom  (12")  being  pyritous.  The 
output  is  600  tons. 

Ocean  mines^  Nos.  3  arid  4,  have  openings  on  either  side 
of  the  ravine,  at  811'  A.  T.,  the  coal  being  brought  to  the 
joint  tipple  immediately  over  the  P.  McK.  &  Y.  R.  R.  siding. 

^Reoently  the  S.  W.  Gas  Coal  Company  tract,  and  Bly's  Atlantic  mine  tract, 
have  been  purchased  by  this  company,  which  now  controls  about  2,000  acres* 
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The  gangways  are  driven  at  right  angles  to  the  creek,  north- 
wards into  the  Soutli-West  Company's  tunnel,  and  south- 
wards into  the  **north  side  tunnel"  of  the  No.  2  mine,  so 
that  the  workings  of  all  three  mines  are  practically  con- 
nected with  each  other  and  with  the  S.  W.  Gas  Coal  Com- 
pany mine. 

Odean  mines^  No.  ^,  (W.  L.  Scott,)  tipple,  south  of  In- 
dustry, is  directly  over  the  P.  McK.  &  Y.  R.  R.  track, 'and 
the  pit  mouth  is  only  25  yards  from  the  check-house.  The 
bottom  of  the  Pittsburgh  bed  is  at  807'  A.  T.,  or  45'  above 
track;  but  the  gangway  is  laid  down  in  the  limestone  below 
the  coal,  for  grade  and  drainage.  The  bluff,  above  the 
track,  w^hich  is  steep,  shows  about  35'  of  sandstone  and 
shale,  and  4'-6'  of  limestone,  5'  of  shale  to  the  coal.  There 
is  about  V  of  under-clay. 

A  substantial  arch  of  stone  masonry  is  set  into  the  bluff 
to  protect  the  gsingway,  which  is  here  double. 

At  the  pit  mouth  the  Lower  Division  shows  the  following 
benches:  Breast  coal,  44";  Bearing-in,  3";  Brick  coal,  10"; 
Lower  Bottom,  16"-20". 

None  of  these  mines  could  be  entered  during  the  summer 
of  1885,  though  several  attempts  were  made,  and  it  was 
only  recently  (February,  1886,)  that  an  inspection  of  this 
mine  and  the  system  of  dminage  was  made  under  the  guid- 
ance of  John  Thomas,  superintendent.  From  information 
obtained  through  him,  it  is  rendered  fairly  certain  that  the 
suspected  sub-division  of  the  Waynesburg  synclinal,  known 
to  exist  on  the  Monongahela,  likewise  prevails  here  on  the 
Youghiogheny,  though  in  the  absence  of  any  reliable  data 
the  map  was  constructed  to  show  but  one  basin  in  tbis  syn- 
clinal. 

The  main  tunnel  is  driven  N.  63°  W.,  about  on  the  butts 
of  the  coal,  and  declines  in  that  direction  for  1750'  to  the 
'*swamp,"  where  the  coal  is  14'  lower  than  at  the  pit  mouth, 
or  793'  A.  T. 

The  total  length  of  the  tunnel  February  22,  1886,  was 
about  2400',  or  800  yards,  from  the  pit  mouth. 

The  mine  is  divided  into  north  and  south  side  workings. 
The  main  north  side  tunnel  is  driven  double,  leaving  the 
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main  tunnel  at  a  point  about  400'  in  from  the  pit  month, 
and  keeping  a  general  N.  9°  W.  course,  quartering  the  coal 
for  2,600',  and  then  about  1,800',  on  a  nearly  north  course, 
finally  entering  the  main  gangway  at  Ocean  mine.  No.  3, 
which  is  driven  S.  27°  E.  from  the  little  ravine  shown  on 
the  map.  Just  at  this  junction  appears  to  be  the  divide 
between  the  tw^o  sub-divisions  of  the  synclinal,  as  the  water 
runs  north-west  out  of  No.  3  pit,  south-east  towards  the 
furnace  and  crop,  and  south-south-east  along  the  north  side 
tunnel  towards  No.  2. 

In  the  latter  tunnel,  for  the  first  1,700  feet,  the  coal  falls 
about  6"  per  100',  and  then  becomes  generally  flat  on  the 
way  to  the  No.  3  workings. 

From  the  tunnel  to  the  outcrop  S.  S.  B.,  several  gang- 
ways have  been  driven  to  take  out  the  front  coal,  Nos.  1, 
4  and  6,  8  and  9,  having  been  driven  to  daylight. 

In  the  entries  on  the  north  side  of  this  tunnel,  all  of 
which  are  double — No.  6,  2  and  3,  6  and  7,  10  and  11 — the 
coal,  as  far  as  developed,  is  generally  pretty  level. 

Butt  entry.  No.  14  and  16,  leaving  this  tunnel  about 
2,600  feet  from  the  main  tunnel,  extends  N.  63°-65°  W., 
and  is  designed  to  meet  the  workings  of  No.  4  mine. 

The  latter.  No.  4  pit,  is  located  on  the  north  side  of  the 
ravine,  the  main  gangway  entering  the  hill,  coincident  with 
the  course  of  No.  3,  or  about  N.  27°  W.,  the  coal  practi- 
cally rising  in  that  direction,  though  declining  at  first  for 
a  short  distance. 

Prom  this  main  tunnel  a  quarter  tunnel  has  been  turned 
and  carried  in  all  2,200'.  For  1,300'  of  this  distance  the  coal 
is  pretty  level ;  but,  in  the  next  700',  there  is  a  fall  of  18' 
into  a  sw^amp.  The  line  of  swamp  lies  a  little  north  of  this 
tunnel,  crosses  it  at  2,000'  from  the  pit  mouth,  and  probably 
swings  around  southward  to  join  that  developed  in  No.  2. 

South  of  the  main  tunnel  in  No.  2  the  workings  are  de- 
signed to  join  the  Atlantic  Mines. 

A  tunnel.  No.  1  and  2  south,  is  driven  about  S.  41°  W., 
a  little  off  the  face  from  a  point  on  the  main  tunnel,  about 
205  yards  in  from  pit  mouth. 

The  coal  distinctly  rises  in  it  going  south-west  parallel  to 
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the  line  of  synclinal,  here  practically  in  the  river.  Tliree 
double  sets  of  butt  entries  have  been  turned  North  63°  West 
oflf  of  this  tunnel  about  200  yards  apart,  and  three  single 
entries  turned  south-east  to  remove  the  coal  between  the 
tunnel  and  the  outcrop. 

No.  2  and  3  butt  entry  is  in  over  1,500'  and  dips  N.  W. ;  so 
likewise  do  Nos.  5  and  6  in  1,600',  both  advancing  towards 
the  same  swamp  developed  in  the  main  tunnel  of  the  mine. 

As  yet  no  levels  have  been  kept  here,  as  far  as  could  be 
learned,  though  from  the  position  of  this  group  of  mines 
in  the  basin,  they  would  prove  useful  in  planning  new  works. 
The  mines  are  generally  worked  on  double  entry,  and  have 
been  well  planned  and  thoroughly  opened  up,  so  that  rooms 
can  be  readily  turned  and  a  production  of  a  thousand  tons 
a  day  Kept  up  if  necessary.  No  wire  rope  is  used  here  as 
yet.  The  mine  is  exceedingly  dry,  for  wherever  necessary 
deep  drains  have  been  laid  to  carry  the  water  by  gravity 
to  some  central  point.  This  will  eventually  be  in  the  swamp 
near  the  main  tunnel,  from  where  it  will  be  syphoned  out. 

A  furnace,  located  near  the  pit  mouth  and  south  of  main 
tunnel,  affords  excellent  draught  for  the  mine.  It  is  9' 
diameter,  30^  long,  and  with  about  52'  of  fire  surface.  A 
shaft,  8'  diameter  and  94'  high,  with  25'  additional  stack, 
leads  up  to  surface.  Coolers  are  carried  around  tne  sides  and 
tops  of  furnace,  and  air  is  supplied  from  2  gangways,  8'  wide 
and  6'  high,  which  diverge  from  in  front  of  the  furnace. 

Throughout  No.  2,  spars  and  clay  veins  are  not  infrequent, 
but  they  are  generally  far  apart.  Several  have  been  met  in 
No.  14  and  15  butt  entries. 

The  coal  will  average  about  as  follows : 

Main  oJay  parting, 10"  to  1 

Bony  Cfoal, 2" 

Braast  Coal, 8'   4" 

Bearinff-in  Coal, 8^" 

Brick  Cooi, r   0" 

liower  Bottom  Coal, 1'   0" 

The  brick  coal  is  mined  throughout  the  mine,  the  Pitts- 
burgh Bed  here  furnishing  about  4'  4"  of  merchantable  coal. 

The  Finney  Coal,  adjoining  the  Scott  lands  on  the  south, 
has  nowhere  been  opened.     The  outcrop  of  the  Pittsburgh 
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bed,  however,  is  seen  continuously  in  the  river  bluff,  until 
passing  into  the  Douglass  property,  it  is  opened  at  the 
Atlantic  mines  at  790'  A.  T.  A  short  incline  carries  this 
coal  to  the  P.  McK.  &  Y.  R.  R.  track,  near  the  station. 
The  drainage  is  south-east. 

Further  west,  along  the  main  stream,  the  coal  in  a  country 
pit  at  road  level  rises  to  797'  A.  T.,  going  under  water  level 
finally  on  Howell's  Run.  at  807'  A.  T. 

In  these  openings  the  following  structure  prevails : 

Koof  diTiBlon. 

Coal, 0'  10"  to  1'  0"  ) 

Clay 1'    0"  to  1'  2"  y  8'  10*'  to  4'    4" 

Coal^ 2'    0"to2'2"  ) 

Main  day  parting, (V  10"  to  1'    0" 

liower  division. 

Breast  Coal, 8'    6"  ]  • 

Bearlng-in  Coal, 0'    2"to0'4"  I  g,    511^06'    0' 

Brick  Coal,    .       0'  11"  f 

Lower  Bottom  Coal,  ....     0'  11"  to  1'  2"  ) 

The  carbonaceous  shale,  capping  the  roof  division,  is 
either  entirely  absent  or  very  thin  here,  and  the  roof  coal, 
as  elsewhere,  is  apt  to  be  mixed  up  with  clay  and  slate 
bands,  rendmng  it  unfit  for  mining.  Some  little  pyritous 
slate  is  also  frequently  found  dividing  the  *' breast  coal." 

On  the  south  side  of  the  run  the  coal  is  verv  much 
higher,  and  the  valley  must  either  mark  a  line  of  fault 
or  a  *' swamp-' — the  latter  being  the  more  probable,  in  the 
absence  of  all  proof  of  a  fault. 

The  Pacific  mine,  (Bly)  at  819'  A.  T.,  is  opened  by  a  face 
entry,  dipping  south-west  for  500  yards,  which  is  expected 
to  drain  at  the  rear  pit  mouth,  near  forks  of  stream,  at  812' 
A.  T.  The  coal  rises  gently  to  the  south-east^  as  already 
stated,  to  pass  over  the  end  of  the  Waynesburg  axis. 

Forward  township. 

This  township  has  for  its  boundaries — Elizabeth  tow^n- 
ship  on  the  north  and  east,  the  Monongahela  River  on  the 
west  and  south,  with  a  small  portion  of  Westmoreland 
county  (Rostraver  township)  on  the  south,  between  the 
river  and  the  turnpike  road.  The  latter  is  the  common 
divide   between  Elizabeth  and  Forward   townships.     Its 
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geology  is  but  a  south-eastern  prolongation  of  that  of 
Elizabeth  township,  except  that  the  general  south-west  in- 
clination of  the  measures  has  buried  the  Pittsburgh  Bed 
under  still  more  cover  in  the  Waynesburg  trough.  How- 
ever, the  combined  effect  of  the  Peter's  Creek  axis  to  the 
north-west  of  the  township  limits,  and  the  erosion  of  the 
Monongahela  River,  has  resulted  in  the  uninterrupted  ex- 
posure of  the  great  coal-bed  along  the  river,  from  Falling 
Timber  run  and  Elizabeth  on  the  north,  to  the  Westmore- 
land county  line  on  the  south. 

As  yet  no  railroad  touches  its  border  lines,  and  dependent, 
as  it  is,  therefore,  entirely  on  the  river  traffic,  it  is  not  strange 
that  all  its  development  should  have  been  made  along  its 
river  crop  line. 

With  the  exception  of  Messrs.  Homer  &  Roberts,  H.  D. 
O'Neil  and  James  G.  Blaine,  the  product  of  this  town- 
ship is  classed  as  Pool  No.  3  coal — a  necessarily  unjust 
commercial  discrimination  on  account  of  the  identity  of  the 
coal-field  being  developed  by  all  operators  here.  The  same 
remark  might  apply  toother  parts  of  the  Monongahela  dis- 
trict, for  while  there  are  certainly  distinctions  to  be  made 
as  to  the  First  and  Fourth  Pool  coal,  it  frequently  happens 
that  an  operator  who  has  his  tipple  plant  in  one  pool  is 
mining  coal  three  or  four  miles  back  from  the  river  in  a  to- 
tally different  pool.  And  yet,  his  coal  is  classed  in  the  pool 
bringing  the  best  price,  of  course,  while  his  neighbor,  work- 
ing the  same  coal  m  adjoining  gangways,  nevertheless  loads 
his  coal  a  mile  or  two  further  up  the  river,  and  must  sub- 
mit to  a  corresponding  discrimination  in  price.  Arriving 
in  the  Cincinnati  or  New  Orleans  markets — side  by  side — 
the  two  boat  loads  Rve  necessarily  similar,  but  the  price  paid 
is  not. 

Lock  No.  3  is  located  close  to  the  Washington  county 
line,  and  about  two  mijes  south  from  Elizabeth.  Pool  ele- 
vation 730'  A.  T.  The  geological  section  in  this  township 
extends  from  about  200'±  below  to  280'  above  the  Pittsburgh 
coal,  or  from  the  bottom  of  the  Morgantown  SS.,  in  the 
vicinity  of  Elizabeth,  to  the  Waynesburg  Limestone  on  the 
headwaters  of  Kelley's  or  Leech  run,  near  the  telegraph  road. 
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In  KK,  p.  379,  mention  is  made  of  a  high  hill  to  the 
sonrh,  no  doabt  at  the  headwaters  of  Perry's  Mill  (Pang- 
born' a)  run,  where  the  horizon  of  the  Wayneshurg  coal  was 
reached  without  finding  the  bed  exposed. 

The  Uaiontown  Coal  and  LiTnestone  horizon  is  reached  in 
s'^veral  x>laces ;  on  the  telegraph  road,  IJ  miles  south  of 
Elizabeth ;  on  Perry's  Mill  (Pangborn's)  run,  and  on  Leech 
(Kelley's)  run,  while  the  lower  division  of  the  great  lime- 
stone, 60' ±  thick,  is  frequently  seen  all  along  the  river  front 
near  the  hill-tops,  and  is  especially  well  seen  along  the  above 
runs,  one  to  one  and  a  half  miles  back  from  the  river. 

The  Sevoickley  Coal  was  not  noticed;  but  the  Bedstone  is 
opened  in  sevenil  places,  and  its  composition  here  is  very 
much  more  favorable  than  in  the  other  two  townships. 
Above  Hay  den's  mill,  on  Falling  Timber  run,  this  bed  is 
from  three  to  fonr  feet  thick,  clear  coal  and  with  but  little 
sulphur.  Bat  the  coal  carries  a  high  percentage  of  ash, 
nearly  twice  that  of  the  Pittsburgh  Bed,  and,  of  course,  will 
never  be  mined  while  that  bed  exists. 

The  Medstone  Coal  has  a  similar  character  along  Perry's 
mill  and  Leech's  run,  where,  however,  it  is  said  to  carry 
more  sulphur.  It  is  everywhere  from  50  to  60'  above  the 
Pittsburgh  Coal-bed. 

The  Pittsburgh  Coal  Bed. 

The  first  opening  in  the  bed  is  at  the  Hornet^  &  Roberts' 
m'uie^  879'A.  T.,  situated  at  Hilldale,  near  the  forks  of  Fall- 
ing Timber  run,  about  two  miles  from  the  Monongahela 
River,  at  Elizabeth. 

A  large  tract  of  coal  is  owned  bj'  this  company,  whose 
boundaries  are  shown  on  the  map  accomi)anying  this  report. 
In  addition  to  this,  the  same  company  own  the  coal  in  the 
S.  W.  Applegate  tract,  lying  to  the  north  of  the  main  body, 
whei'e  a  new  opening  has  been  made  at  882'  A.  T. 

This  opening  is  in  the  limestone  about  2'  under  the  lower 
division  coal,  which  is  here  about  6'  thick. 

The  front  coal  in  the  large  tract  has  been  pretty  well  ex- 
hausted. The  present  opening  is  close  to  where  the  Pitts- 
burgh coal  disappears  ander  cover  on  the  turnpike.     The 
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dip  is  to  the  south-east  here,  into  the  first  sub-division  of 
the  Waynesburg  Basin. 

The  mine  is  worked  by  the  double-entry  system,  and  the 
following  facts  were  elicited  from  an  inspection  of  the  com- 
pany's maps  and  the  mine : 

The  main  entry  is  driven  about  S.  23i°  W.  from  the  pit 
month  for  nearly  5,000'  towards  the  comer  of  A.  &  C.  Wall 
and  I.  Wall's  lands  (see  map)  following  the  general  direc- 
tion of  the  stream,  and  dipping  continuously  all  the  way. 

From  a  point  350  yards  in  from  the  pit  mouth  the  "air 
and  water-course  gangway"  diverges  from  the  main  en- 
try, bearing  S.  51°  W.  for  some  3,000',  to  within  about  500 
yards  of  the  A.  &  C.  Wall  property  line.  This  entry  like- 
wise dips,  the  coal  at  its  face  being  over  60'  lower  than  at 
the  pit  mouth.  The  "swamp  entry"  has  about  the  same 
general  bearing  as  the  above,  leaving  the  main  entry  about 
400'  further  in  than  the  water-course  gsmgway,  or  at  about 
600  yards  from  the  pit  mouth.  The  coal  at  this  point  is 
32'  lower  than  at  the  crop,  or  847'  A.  T. 

The  swamp  entry  has  a  sinuous,  irregular  course,  fol- 
lowing the  bottom  of  the  swamp  as  far  as  developed,  though 
generally  parallel  to  the  water-course.  This  entry  is  about 
2,000'  long,  the  coal  at  its  face,  1,150  yards  from  pit  mouth, 
standing  at  797'  A.  T.,  or  82'  lower  than  at  the  crop. 

In  the  butt  entries,  bearing  north-west  and  south-east 
from  the  swamp  entry,  the  initial  rate  of  rise  in  the  coal 
is  very  rapid.  The  swamp  is  estimated  to  be  about  300 
yards  wide  and  30'  deep,  outside  of  which  limits  the  dip  of 
the  coal-bed  is  quite  regular.  All  the  front  coal  of  this 
mine  has  been  worked  out  by  the  single-entry  system,  butt 
entry  No.  7,  counting  in  from  the  pit,  being  the  first  double 
entry  driven. 

This  entry  leaves  the  water-course  gangway  on  a  course 
of  about  N.  63i°  W.,  bearing  towards  the  McKinney  line, 
where  it  meets  the  air  entry,  diiven  in  a  circuitous  course 
along  the  property  line  divide  between  Horner  &  Roberts 
(T.  Furgus'  tract)  and  W.  Wall's  lands.  No.  7  entry  is 
2,900'  long,  and  rises  N.  W.  at  the  rate  of  about  80'  per 
mile. 
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Three  more  butt  entries,  Nos.  8,  9,  and  10,  have  been 
driven  north-west  from  the  water-course  gangway,  all 
showing  about  the  same  rate  of  rise,  away  from  and  dip 
toward  the  swamp.  Entries  are  likewise  driven  between 
the  main  entry  and  the  swamp  entry,  No.  9  butt  entry 
being  the  first  double  entry  on  the  east  side  of  the  swamp. 
Tliese  entries  all  rise  to  the  south-east  so  rapidly  toward 
the  face  workings  as  to  require  an  engine  plane  270'  in  the 
first  No.  10  mine  to  convey  coal  from  the  swamp  workings. 

All  the  drainage- water  possible  is  conducted  to  the  bottom 
of  a  shaft  133'  deep,  located  near  the  swamp  entry  and  No. 
9  east  butt  entry,  where  five  steam  pumps  force  the  water 
to  daylight. 

A  section  of  the  measures  immediately  overlying  the 
Pittsburgh  Bed,  in  this  shaft,  was  kindly  furnished  by 
Matthew  Creevy,  mine  superintendent,  which  shows  the 
following  measurements  : 

Section  of  Upper  Productive  Measures  in  shaft  at  Horner 
and  Roberts  mine^  above  the  Pittsburgh  Coal  in  swamp 
at  entry  No,  9, 

Sarfaoe. 

Looae  gravel, .  5'  6'' 

CUy,      6'  0" 

Brown  limestone, 4'  0" 

Brown  stone, •  .   2'  6" 

Soapstone  shale, 12'  6" 

Blue  limestone, 1'  6" 

Brown  sandstone, 5'  0" 

Soapstone, 5'  5*' 

Blue  suidstone, .8'  6'- 

Cba^,  Top  Seam,  (Redstone  Coa{-&0d,) 4'  0" 

Soft  blue  slate, 18'  8" 

Black  slate, 16'  0*' 

Cement  rook,  white, 5'  0" 

Light  blue  sandstone, 8'  6" 

Dark  brown  sandstone, 2'  6" 

Brown  soapstone, .5'  0" 

GraySS., 4'  8" 

Brown  shale 6'  0' 

Sandstone, 3'  6" 

Brown  shale, 2'  0" 

Dark  blue  slate ;  good, .  .   5'  6" 

Coal, 0'  6" 

Soapstone  shale, 1'  6" 
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Pittsburgh  Coal-bed,  10'  5)" 
*     in  ** swamp." 


Tap  Coal,  first  bed,  . 
Shale  parting. 
Top  Coal,  second  bed, 
Main  clay  parting,    . 
Main  Coal,     .... 
Bearing-in  slate  Coal, 

Slate,  

Brick  Coalj     .... 

Slate, 

Bottom  Coaly  .... 
Limestone. 

Total, 138*    6" 

This  section  of  the  Pittsburgh  Coal  is,  as  usual,  abnormal, 
by  reason  of  the  increase  in  thickness  of  all  swamp  coal. 
In  this  mine,  the  coal  is  low,  a  section  between  entries  Nos. 
9  and  10  at  mouth  of  tunnel  showing: 


(  1' 

0" 

0' 

8" 

1' 

0" 

0' 

11' 

4' 

6" 

0' 

8" 

1' 

1' 

4 

0'' 

0' 

6" 

Ooaly 0 

Clay  slate, 1 

Ooal, 1 

Slate  parting, 0 

Coal, 1 

Main  day  parting, 0 

Brea9t  Coal,     2 

Bearing-in  Coal, 0 

Brick  Coal, 1 

Lower  Bottom  Coal, 1 


7" 
9" 
0" 

1" 
11" 

10'' 
8" 
0" 

1" 


Lower  DiTiirion, 


Another  section  of  the  "swamp"  coal,  given  in  Report 
K*,  p.  128,  gives  : 

Boof  coal. 

Overolay, C  10" 

Breast  Coal 4'    0" 

Parting, 0' 

Bearing-^n  Coal, 0' 

7'  4"  I  Parting, 0' 

Brick  Coal, 1' 

Parting, C 

Bottom  Cbalj 1' 

Under-olay. 

The  latter  shows  the  usual  thickening  of  the  members  in 
the  swamps.  '  In  the  other  gangways,  the  following  may 
be  taken  as  a  full  general  average : 

Roof  division. 

Carbonaceous  shale, 0'    8" 

Coal, 0'    4" 

Clay, 0'  11" 

Coal  and  partings  above, 2'    0" 

14 


6" 

a 
8" 

4 

6" 


8'    6 


n 
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Main  over-olay, 5'  10" 

Lower  division. 

Breast  Coal, 8'  2" 

Bearififf-^n  Coal^ ty  4" 

Brick  Coalj  1'  0" 

Lower  Bottom  Coal,       1'  A"  ) 


>    6'  10" 


Clay  veins  were  seen  in  the  water-course  gangway,  be- 
tween Nos.  7  and  8  entries,  running  in  every  direction  and 
sometimes  crossing  one  another.  They  generally  thin  out 
towards  the  swamp,  only  3"  out  of  18"  or  20"  in  the  water- 
course gangway  being  prominently  seen  there.  Some  are 
white  clay  ;  others  a  heavy,  hard,  black  spar. 

From  the  pit  mouth  to  the  river  tipple,  the  coal  is  moved 
over  a  surface  track  by  locomotives,  in  trains  of  40  to  45 
cars.     Inside  the  pit  a  wire  main  and  tail  rope  system  is  in 
use,   the  engines  for  which  are  located  just  outside  the 
pit  mouth.     The  main  gangway,  bearing  S.  23^°  W.,  dips 
regularly  from  the  crop  line,  and  in  hauling  the  loaded  cars 
up  from  the  parting,  350  j'^ards  in  the  entry,  the  main  rope 
of  the  tail  rope  plane  is  used  as  a  simple  engine  plane,  the 
empties  returning  by  gravity.     The  entry,  bearing  S.  61° 
W.,  is  nearlv  level  for  the  first  500  vards.     A  sheave  wheel 
is  placed  in  the  parting  under  the  tracks,  and  the  empty 
cars  are  conveyed  there,  with  the  tail  rope  hitched  to  the 
front  of  the  train  and  the  main  rope  to  the  rear,  as  usual ; 
and  in  the  return  of  the  full  cars,  the  ordinary  method  is 
pursued  as  already  described.    This  modification  saves  more 
rope  for  the  main  entry,  owing  to  its  steep  dip  carrying  the 
cars  in  by  gravity.     At  the  meeting  point  of  the  two  gang- 
ways, however,  the  tail  rope  is  again  fastened  on  to  the 
train — the  next  to  last  car — and  the  usual  method  carried 
out  from  there  to  the  check-house.     The  ropes  are  of  steel, 
respectively  J"  and  f ".  with  seven  wires  to  the  strand.     The 
main  rope  is  carried  along  the  gangway,  on  rollers  18'  to  20' 
apart ;  the  tail  rope  is  led  over  rollers  in  the  roof,  which  thus 
keeps  it  out  of  the  way.     At  any  curves  in  the  gangways, 
heavier  and  larger  rollers  are  pl^^ced  outside  the  track,  up- 
right and  close  together,  so  as  to  guide  the  rope  around  the 
curves. 
This  wire  rope  is  at  present  laid  about  as  far  as  No.  8 
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bntt  entry,  where  there  is  a  parting  and  side  track  for  mak- 
ing up  the  full  train,  the  sheave  wheel  being  placed  up- 
right between  two  mine  posts.  The  proprietors  look  for- 
ward to  an  early  extension  of  the  system  on  the  east  side  of 
the  mine,  along  the  main  entry  to  No.  10  butt  entry,  and 
are  now  driving  a  tunnel  above  the  coal  in  the  swamp,  so 
as  to  connect  the  west  and  east  side  of  the  mines  by  a  suit- 
able grade  entry  before  conveying  all  the  back  coal  out  by 
means  of  the  wire  rope  system.  About  250  acres  in  all,  have 
been  worked  out  here.  An  inspection  of  the  map  accom- 
panying this  report  will  show  the  outcrop  of  the  Pittsburgh 
Coal  extending  N.  W.  from  this  point  through  the  Wall 
and  Applegate  lands,  until  again  opened  at  the 

Harvey  O'Neill  miue^  at  941'  A.  T.,  on  the  river  front  lying 
just  south  of  Elizabeth.  This  is  about  the  highest  coal  in 
the  township,  the  dying  anticlinal  axis  lying  just  across  the 
river  from  this  point.  The  pit  mouth  here  is  211'  above  the 
river.  The  plane  is  some  700  yards  long,  by  which  the  cars 
descend  to  the  tipple  by  gravity,  and  are  hauled  back  on 
the  simple  engine  plane  system,  the  stationary  engine  being 
located  near  the  pit  mouth. 

The  mine  was  entirely  closed  when  visited,  and  no  per- 
sonal inspection  was  made  in  consequence. 

The  bed  is  reported  from  5\'  to  6'  thick  in  the  lower  di- 
nision^  and  dips  south-east. 

Walker  mine  (Jas.  G.  Blaine)  lies  about  \  mile  further 
south-west,  along  the  river  front,  and  is  opened  at  nearly 
the  same  elevation.  Mr.  Blaine's  property  has  a  frontage 
of  about  200  rods  along  the  Monongahela  River  from  Lock 
No.  3  northward,  and  is,  therefore,  rated  as  Pool  No.  2  conl. 

There  are  three  tracts  owned  in  fee  simple,  comprising 
about  seven-eighths  of  the  river  front,  and  extending  back 
to  McKinney's  fork  at  Perry's  mine  (Panghorn's)  run,  which 
enters  the  river  just  above  the  lock.  But  the  bulk  of  the 
coal  lies  in  the  mineral  tracts  extending  south-east  from 
McKinney's  fork  to  the  head  of  the  main  stream,  through 
the  McKinney,  Christy,  Saddler,  Applegate,  Caldwell,  and 
Gamble  tracts.  This  mine  was  also  abandoned,  and  the  coal 
in  the  front  tracts  is  reported  pretty  well  worked  out. 
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Below  the  check  house  to  the  river  there  is  about  200'  of 
Barren  Measures.  By  far  the  most  conspicuous  member  of 
this  group,  not  only  here  but  elsewhere  along  the  river  road 
south  for  some  distance,  is  the  Connellsville  Sandstone  and 
underlying  shale,  the  Morgantown  Sandstone  sinking  be- 
neath the  river.  The  section  is  composed  mostly  of  shales, 
the  sandstone  losing  its  compactness  and  massiveness. 

The  hills  are  frequently  shaly  SS.  bluflfs,  exposing  100'  of 
these  measures,  along  which  for  some  distance  south  of  Eliza- 
beth the  public  road  has  been  constructed  with  difficulty. 

The  Pittsburgh  Jied^  on  McKinney's  Fork,  shows  about 
3'  of  coal  in  the  roof  division,  and  6^'  in  the  lower  division ; 
but  both  the  ''brick"  and  "lower  bottom"  members  are 
frequently  sulphurous.  The  following  section  was  given 
me  as  the  average  in  the  Walker  mine  workings  : 

Roof  division. 

Garbonaoeous  shale, 0'    4"  ^ 

Slate, 0'    9" 


C  10"  >    4'  11 
0'  10" 
2'    2"  J 


Coal, 0*  10" 

Slaty  ooal, 0' 

Coal^ 

Main  over-olaj, C  lO' 

Lower  division. 

BreoBt  Coal, 8'    2"  ' 

Bearing^n  Coal^ 0'    4" 

Briek  Coal, 1'    0" 

Lower  Bottom  Coal, 1'    C 


6'    6 


It 


The  roof  coal  is  slaty  and  filled  with  clay  veins ;  the  lower 
division  coal  is  generally  clean  and  bright. 

There  are  various  old  country  pits  on  the  branches  of  the 
streams,  but  their  coal  shows  little  or  no  variation  from  the 
above.  The  crop  extends  up  the  main  fork  to  just  beyond 
the  saw  mill,  at  the  meeting  point  of  the  Blaine,  Brown  & 
O'Neill  coal.     (See  map.) 

On  Leech  run  (Kelly's)  the  coal  is  again  opened  at  the 
Wenonamine  (Leechburg)  of  Wm.  Skillen  &  Co.,  dipping 
S.  E.  The  main  opening  is  about  i  mile  from  the  river,  and 
is  reached  by  a  tram  road  skirting  the  west  bank  of  the 
stream  until  nearly  opposite  the  pit  mouth,  and  there  cross- 
ing the  run  by  a  high  and  long  trestle  incline  to  the  pit 
mouth  at  830'  A.  T.  This  mine  has  been  a  large  producer 
in  the  past. 


>    6'    2" 
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The  crop  has  been  opened  in  several  places  towards  the 
river,  one  840'  A.  T.,  and  one  at  843'  A.  T.  From  here  to 
the  Harvey  O'Neill  mine  is  about  2  miles,  the  coal  rising 
parallel  to  the  trend  of  the  axis  100'  in  that  distance,  or  at 
the  rate  of  50'  per  mile,  which  is  unusual.  From  Wenona 
mine  south-west  to  the  Old  Eagle  works  is  about  2i  miles, 
and  the  total  fall  is  onlv  60'.  At  Wenona  the  breast  coal 
is  3'  4",  brick  coal,  1'  1",  and  the  roof  division  is  unusually 
developed  for  this  section  of  the  country.  The  full  section 
shows : 

Boof  dividioii. 

Car  bonaoeous  shale  aud  slate, 0'  10" 

Coal, C  1" 

Shale, 0'  8" 

Coal, 0'  7'' 

Clay  slate, 0'  10" 

Coal,  with  olay  veins, 2'  6" 

Main  clay  parting, 0'  10" 

Ix>wer  diyision. 

Breast  Coal, 8'  4"  1 

Bearing-in  Coal, 0'  8"  1    g.  iq„ 

Brick  Coal, 1'  1"  f 

Lower  Bottom  Coal, 1'  2*   ) 

The  Pittsburgh  Coal  disappears  on  Leech  run  a  little  over 
a  mile  from  the  river,  close  to  the  Horner  coal  on  the  P. 
Lytle  farm,  and  a  third  of  a  mile  down  stream  from  the 
West  Bend  school-house. 

One  mile  west,  up  the  river  from  the  village  of  Wenona, 
the  McKnight  mine  (O'Neil  &  Co.)  is  located,  100'  above 
the  river,  or  833'  A.  T.  The  works  are  entirely  abandoned. 
The  coal  dips  south-east.  Eight  hundred  yards  west,  a 
tramroad  enters  a  small  ravine  to  Jones'  limestone  quarry. 
One  half  mile  from  the  river  the  coal  is  opened  in  a  couple 
of  country  pits,  close  to  the  run,  at  about  780'  A.  T.  The 
dip  here  is  also  S.  E. 

Old  Eagle  mine^  located  just  above  the  village  of  Elk- 
horn,  is  the  next  important  opening  on  the  Pittsburgh  Coal- 
bed.  The  several  openings  here  are  on  the  property  of  W. 
H.  Brown's  heirs.  The  present  main  entry  is  770'  A.  T. 
and  40'  above  the  river  in  Pool  No.  3 — ^just  opposite  Court- 
ney Station,  P  V.  &  C.  R.  R.  It  is  2500  yards  south-west 
of  the  McKnight  mine  (see  large  map). 
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About  600  yards  north-west,  the  outcrop  is  again  opened 
on  this  property  at  the  Gardner  jyit^  at  776'  A.  T.,  near 
Brown's  school-house;  and  south-east  4o()  yards  at  the 
Moore  pit^  778'  A.  T.,  but  now  belonging  to  the  Old  Eagle 
works. 

This  mine  was  opened  about  25  yeara  ago,  and  owing  to 
its  position,  right  in  the  axis  of  the  north  sub-division  of 
the  Waynesburg  Basin,  its  development  has  presented  many 
interesting  features  of  the  characteristic  structure  of  the 
Pittsburgh  Coal  when  similarly  situated  in  troughs  or 
swamp  lines,  and  illustrates  the  great  irregularity  of  the 
floor  of  this  bed. 

The  mine  is  worked  on  the  double  entry  system,  two  main 
entries  being  driven  in  about  450  yards  apart  on  the  out- 
crop. The  first,  or  swamp  entry  ^  follows  the  ''swamp"  for 
about  300  yards  N.  50°-55°  E.,  there  turning N.  W.  near  the 
air  gate  between  entries  5  and  7,  into  the  present  workings, 
some  18(X)  yards  from  the  pit  mouth.  This  entry  is  driven 
double,  witli  an  air  course,  which  is  practically  piirallel 
with  the  traveling  way,  with  a  coal  pillar  averaging  40'  be- 
tween them.  The  swamp  has  been  developed  for  about  650 
yards,  200  yards  wide  and  30'  deep.  It  is  almost  level  near 
the  crop  line,  but  there  rises  north-east  alongMts  bearing. 

The  coal  on  either  side  of  it  dips  rapidly  into  the  swamp, 
and  the  side  workings  are  all  led  into  it.  It  is  proposed 
finally  to  drain  this  swamp  by  laying  pipes  into  its  deepest 
part  and  utilizing  the  engines  outside  for  pumping. 

The  coal,  as  usual,  is  thicker  in  the  swamp  than  else- 
where. A  section  in  No.  11  entry  gave,  for  the  lower  divi- 
sion : 

Main  over-clay, 1'  8'' 

Breast  Coal, 8'  8" 

Bearing-in  Coal^ !   0'  8" 

Brick  Coal,   .   : 1'  7" 

Lower  Bottom  Coal, 0'  9" 

The  upper  3"  of  the  lower  bottom  coal  is  very  sulphurous. 
They  take  down  the  main  clay  generally  throughout  this 
mine,  as  it  is  very  weak  and  soft,  and  use  it  for  gobbing  the 
empty  rooms.     These  rooms  are  33',  centre  to  centre,  turned 
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off  r  wide  and  carried  thus  for  21',  and  then  widened  to 
24-27'.     The  rooms  are  76  yards  long,  and  have  b'-&  pillars 
between,  which,  however,  are  pared  down  constantly  as  the 
rooms  advance. 
The  roof  division,  jnst  where  the  tunnel  leaves  the  swamp, 

shows : 

Roof  division. 

Oarbonaoeooa  shale, 2"  -f  ' 

Slate, I" 

Coal, 7" 

Slate .  4" 

Coal, 4' 

Slate, I" 

Coal,  bony  In  top, 6" 

Clayriate, 9i"      \    8'  91" 

Coal,    .   .  1" 

Slate,  sulphur, \'' 

Goal, 8" 

Slate, 1" 

Coo ^  slaty  with  sulphur, 6" 

Coa/,  sooty, IJ" 

Coal,       2" 

BCain  over-clay. 

The  breast,  bearing-in,  and  some  of  the  brick  coal  is  mined 
here  in  one  bench,  50"  to  58"  thick. 

No.  10  entry,  driven  on  west  side  of  swamp  entry,  nearly 
opposite  No.  11,  rises  and  then  falls  to  the  ''  water  pit  en- 
try," and  along  the  latter,  just  above  No.  10,  there  is  an- 
other small  ''swamp  "  about  5'  deep.  In  the  next  two  en- 
tries, Nos.  12  and  14,  on  the  west  side  of  the  tunnel,  the 
coal  is  level.  Entries  11,  9,  7,  and  5,  on  t\i^  east  side  of  the 
main  gangway,  dip  i^apidly  south-east  into  the  swamp. 

No.  3  entry,  close  to  the  pit  mouth,  was  driven  through 
the  roof  coal  in  order  to  get  into  the  lower  division  coal  on 
the  east  side  of  the  swamp,  where  the  coal  rises  quite  as 
fast  eastw'ard.  The  upper  workings  here  are  laid  oat  quite 
regularly  in  blocks  of  150  square  yards. 

Another  small  swamp  was  met  with  here,  near  the  ex- 
treme east  side  workings,  beyond  the  second  main  entry, 
which  is  driven  perpendicular  to  the  faces  of  the  coal. 

A  compressed  air  locomotive,  which  is  unique  throughout 
this  district,  is  used  instead  of  wire  rope  for  hauling  the 
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coal  cars  from  the  main  partings  inside  the  mine  to  the  river 
tipple. 

A  photograph  of  this  locomotive  is  in  K*,  page  80,  and  the 
following  description  of  it  is  given  there  : 

"  The  locomotive  consists  of  two  cylinders,  each  22  feet 
in  length  and  36  inches  in  diameter,  placed  on  a  truck  or 
carriage  side  by  side,  which,  together  with  its  levers,  con- 
nections, and  other  necessary  parts,  amounts  to  27  feet  in 
total  length.  It  is  charged  by  the  use  of  a  high  and  low 
pressure  air  engine,  run  by  steam  power,  stationed  near  the 
pit  mouth.  The  amount  of  pressure  used,  as  indicated  by 
the  air  guage,  is  400  pounds  per  square  inch.  The  locomo- 
tive makes  a  round  trip  in  from  7  to  10  minutes,  which  re- 
duces the  pressure  to  about  250  pounds." 

Of  course,  the  engine  is  only  used  for  the  main  gang- 
ways, the  cars  from  the  various  entries  and  rooms  being 
collected  at  some  parting.  The  engine  is  under  perfect  con- 
trol, and  I  should  judge  it  would  be  especially  serviceable 
in  crooked  gangways  and  in  the  mines  of  the  upper  pools, 
where  the  lower  division  (commercial)  coal  becomes  8'  and 
9'  thick.  At  Old  Eagle  a  good  deal  of  the  roof  coal  must 
be  taken  down  to  accommodate  the  passage  of  the  locomo- 
tive, which  requires  an  entry  about  8'  wide  and  6'  high. 
Mules  are  used  to  collect  the  cars  at  the  parting  and  distri- 
bute the  empties  to  the  working  faces.  The  coal  is  faulted 
in  entry  No.  5,  the  fault  line  being  in  and  parallel  to  the 
swamp  axis,  and  throwing  down  the  swamp  coal  about  5', 
it  extends  for  some  distance  N.  E.,  being  noticed  in  other 
entries.  A  second  ''fault"  further  west,  near  the  edge  of 
the  swamp,  of  similar  character  and  effect,  was  reported, 
which,  however,  I  did  not  see,  owing  to  the  water  in  the 
swamp.  Mr.  J.  E.  Jones,  superintendent,  extended  every 
courtesy  during  the  examination  of  the  mine. 

He  reports  th^  mine  as  being  generally  free  from  fire- 
damp and  well  ventilated  by  furnace  and  natural  air.  The 
furnace  is  located  near  the  old  pit  mouth,  to  the  east  of  the 
main  swamj)  gangway,  and  further  up  the  river.  The  area 
of  coal  mined  is  over  100  acres,  and  the  present  output  is 
to  be  considerably  increased  by  the  introduction  of  coal 
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catting  machinery,  which  had  not  had  a  trial  at  the  time  of 
my  visit.  Air  will  be  furnished  these  machines  from  the 
same  engines  that  supply  the  locomotive. 

A  section  of  the  Coal  in  the  east  or  upper  workings,  in 
entry  No.  3  and  away  from  all  swamps,  gave : 

Roof  division, 4'    6" 

Main  over-clay, 0*  10" 

Brecut  Coal,         8'    1" 

Bearing-in  Coal, C    8'' 

Brick  Coal,  1'    8'' 

Lower  Bottom  Coal,     1'    4" 

The  presence  of  this  large  swamp  in  this  mine,  and  its 
general  bearing,  suggests  its  connection  with  those  found 
in  the  developments  to  the  north-eastward  of  the  Youghio- 
gheny  River.  The  axis  of  the  swamp  is  not  a  mathemati- 
cally straight  line,  but  rather  sinuous  and  having  a  general 
trend  of  about  N.  65°  E.,  or  midway  between  the  butts  and 
faces  of  the  coal. 

It  would  prove  interesting  and  valuable  to  have  one  of 
these  great  lines  of  depression  accurately  portrayed  and 
located  through  a  series  of  connected  workings,  and  until 
such  is  done  we  can  know  very  little  about  their  real  shape. 
Their  production  was  probably  due  to  the  settling  after  the 
Appalachian  uplift  which  made  the  present  anticlinals  and 
synclinals. 

From  the  Old  Eagle  works,  the  coal  rises  to  the  south-east 
gently  to  cross  the  subordinate  axis  dividing  the  main 
Waynesburg  Basin,  just  as  it  has  already  been  shown  to  do 
further  east  along  the  Youghiogheny  River. 

This  subordinate  axis  may  be  located  at  the  north  end  of 
Monongahela  City,  and  passing  N.  E.,  parallel  to  the  basin 
lines,  to  the  neighborhood  of  Industry,  on  the  Youghio- 
gheny. At  the  Dry  Rim  Mine^  just  outside  of  Monongahela 
City,  the  Pittsburgh  coal  is  at  811'  A.  T.,  but  falling  south- 
west gently  along  the  trend  of  the  axis.  At  Campbell  & 
Bake  well's  coal  pit,  on  the  opposite  side  of  the  river,  it  is 
opened  at  812'  A.  T.  Prom  this  point  to  the  W.  L.  Scott 
coal,  on  the  Youghiogheny,  we  have  no  means,  in  the  ab- 
sence of  development,  of  knowing  how  high  this  axis  may 
lift  the  coal,  but  it  is  probably  insignificant,  for  it  is  nearly 
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at  the  same  level  on  the  Youghioghenyas  on  the  Mononga- 
hela  River.  It  is  suflScient,  however,  to  interrupt  the  drain- 
age of  the  region. 

From  the  main  pit  of  the  Old  Eagle  works,  at  770'  A.  T., 
the  coal  rises  11'  to  the  Horner  pit  700  yards  ;  it  lies  nearly 
flat  for  the  next  1400  yards  to  Horner's  ui)per  pit,  at  780' 
A.  T.,  and  then  rises  32'  to  812'  A.  T.  at  Campbell's  &Bake- 
well's  pit,  1360  yards  further  south-east,  thus  shoAving  a 
total  rise  south-east  to  this  subordinate  axis  of  42'  in  3450 
yards,  or  about  21'  per  mile.  Prom  somewhere  in  the  neigh- 
borhood of  the  last  pit  named,  the  dip  of  the  coal-bed  is 
reversed,  descending  south-eastward  52'  in  3800  yards,  or 
about  an  equal  rate,  to  the  Rankin  coal-pit,  at  760'  A.  T. 

Prom  this  point,  the  coal  rises  south-east  on  to  the 
Waynesburg  axis,  outside  the  district. 

Rankin  Mine  (M.  W.  Rankin)  is  situated  on  the  east  side 
of  the  river,  at  about  2,500  yards  east  of  the  Monongahela 
City  bridge.  The  opening  is  at  760'  A.  T.,  or  30'  above 
Pool  No.  3,  and  marks  the  bottom  point  of  the  southern 
"  swamp  "  or  sub-division  of  the  Waynesburg  Basin. 

A  line  bearing  about  N.  58°  E.  from  here  to  Suter,  marks  the 
approximate  trend  of  this  sub-basin  between  the  two  rivers. 

The  mine  is  worked  on  the  single  entry  system.  A  short 
distance  in  from  the  pit  mouth  the  entry  forks  ;  that  to  the 
left  or  west  being  called  the  main  or  Wilson  entry  ;  that  to 
the  east  or  right,  the  swamp  entry. 

Rooms  No.  1,  2,  and  4,  are  turned  oflf  at  right  angles  from 
the  swamp  entry  to  the  south-east,  and  the  coal  rises  in  all 
of  them  from  the  swamp. 

Entry  No.  3  is  turned  oflf  from  the  swamp  entry  just  be- 
yond No.  2,  and  bears  to  the  N.  W.  to  the  Wilson  entry. 
The  coal  rises  in  this  also.  Above  No.  1  there  is  likewise  a 
connection  driven  N.  W.  to  the  Wilson  entry,  and  called  the 
"Little  Entry."  The  coal  rises  in  it.  So,  therefore,  we 
find  that  the  drainage  is  all  towards  the  swamp.  But,  at 
the  junction  of  No.  3  and  the  Wilson  entry  the  coal  is  flat, 
low,  and  soft,  and  a  small  roll  takes  place,  which  throws  the 
water  to  the  north-west.  This  is  probably  only  temporary, 
however,  and  to  the  west  of  this  the  coal  undoubtedly  rises. 
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The  swamp  entry  is  practically  level  from  the  pit  mouth 
to  near  No.  4  entry,  where  there  was  about  three  feet  of 
water,  (Aug.  17,)  but  to  the  north-east  the  swamp  is  rising. 
The  flatness  of  the  entr}'^  will,  however,  compel  hauling  the 
water  or  pumpage. 

In  the  swamp  entry  between  Nos.  1  and  3  the  coal 
shows : 


Lower  dlvLdon. 


(  Main  over-olay, 0'  8" 

1  BreoBt  Coal, 3'  6" 

]   Bearing-in  Coal, 0'  8J'* 

[  Brick  Coal, 1'  4" 

Lower  Bottom  Coal, 1'  6" 


// 


Above  the  main  clay  the  roof  division  shows  about  31 
coal  with  the  usual  slate  partings,  above  the  slate,  15",  and 
then  6"-7"  coal  and  12"  of  slate. 

They  mine  the  three  upper  benches  of  the  lower  division, 
about  4J'  thick,  and  leave  the  lower  bottom  coal  in  the  floor. 
The  roof  is  generally  very  good  and  firm.  A  considera- 
ble clay  vein  shows  in  tl>e  Wilson  entry,  coming  down  from 
the  roof  and  through  the  breast  coal,  and  rolling  the  coal 
to  the  west  of  it.     This  seam  of  clay  bears  north  and  south, 

John  Perry  &  Co.  are  the  recent  lessees,  who  were  just 
preparing,  in  August  for  active  mining.  The  lessors  here 
require  20-foot  pillars  to  support  entries,  which  is  unusu- 
ally large  for  this  region  of  low  coal. 

A  general  section  outside  the  swamp  entry  shows  : 

Roof  diTision. 

Carbonaoeons  shale, 0'  4'' 

Coal, 0'  8" 

Clay, 1'  3" 

Coal, 0'  7" 

Coal, 1'  0'' 

Clay, 0'  2" 

Coal, 0'  10" 

Slate, 0'  \" 

Coal,' C  2" 

Main  day  parting, 0'  10'^ 

Lower  dividon. 

Bretut  Coal, 8'  0"    ) 

Bearing-in  Coal, C  8" 

Brick  Coal, 1'  0" 

Lower  Bottom  Coal, 1'  6" 


►  4'    OJ" 


►    6'    8" 
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Comparatively  little  acreage  has  been  mined  here,  the 
mine  onlj^  having  been  opened  in  1880. 

Milesville  Mines  are  located  1600  yards  due  east  from 
Rankin's  works,  and  about  i  mile  above  the  village  of  Sun- 
nyside.  The  Milesville  Coal  Company  here  controls  the  coal 
of  J.  Wall  and  J.  M.  Wilson.  The  mine  was  opened  in 
1864,  and  has  since  changed  hands  several  times.  I  believe 
Messrs.  Lynn  &  Jenkins  are  the  present  proprietors.  The 
present  (new)  entry  is  about  60'  above  the  river,  at  790'  A.T., 
and  is  shown  on  the  larger  map.  The  old  entry,  some  400 
yards  further  east,  was  driven  through  to  the  crop  on  a 
branch  of  Becket's  run,  and  this  part  of  the  field  is  worked 
out  and  abandoned.  The  present  operations  extend  from 
the  new  pit  westward  to  the  stream  in  Sunnyside  HoUowi 
cropping  in  the  rear  of  Miller's  house  at  the  road  forks,  the 
coal  all  dipping  north-west. 

This  mine  could  not  be  examined,  owing  to  the  "shut 
down"  of  the  summer  of  1885  and  the  absence  of  all  human 
beings  connected  with  it.  Prom  the  appearance  of  the  coal 
just  within  the  pit  mouth,  its  section  is  practically  the  same 
as  the  Rankin  mine,  giving  about  4'  to  4'  6"  of  available 
merchantable  coal.     All  shipments  are  for  the  river  trade. 

This  mine  is  within  300  yards  of  the  coiinty  line,  at 
Becket's  Run,  up  which  the  coal  outcrops  for  about  1200 
yards  to  the  forks  of  the  public  road  and  turnpike,  near 
James  Wood's  house,  just  beyond  Sutton's  pit. 

This  stream  marks  a  line  of  fault,  bearing  about  N.  40°- 
45°  E.,  and  mentioned  in  Mr.  Wall's  report,  K*,  p.  57. 

It  is  quite  possible  that  this  fault  may  extend  right 
through  to  Douglass  Hollow,  and  so  explain  the  variable 
elevations  on  the  north  and  south  side  of  Howell's  Run. 

The  difference  is  about  the  same  on  both  rivers,  viz.,  20' 
between  the  crops  on  opposite  sides  of  the  stream.  In  di- 
rection, it  is  practically  parallel  to  the  Wayneshurg  Anti- 
clival^  and  not  parallel  to  the  apparent  rolls  in  the  basin, 
so  that  the  rise  of  the  former  may  have  caused  the  break. 

At  the  Becket's  run  or  "Rea"  mines,  just  south  of  the 
county  line,  the  Pittsburgh  Bed  is  opened  at  803'  A.  T.,  and 
is  rising  thence  iLp  river  to  the  Waynesburg  axis.     Down 
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the  river,  the  coal  falls  23'  to  780'  K.  T.  at  the  point  of  the 
hill,  on  the  county  line,  165  yards  from  the  Rea  Mine  pit 
month.  Just  across  Becket's  Run  the  coal  crops  at  801' 
A.  T.,  or  21'  higher  than  the  south  crop,  or  a  downthrow 
on  the  sotUh,  On  the  Youghiogheny,  at  Howell's  run,  the 
reverse  is  seen,  the  coal  on  the  north  side  of  the  stream, 
opposite  the  Pacific  Mine,  being  22'  lower  than  the  south 
crop.  On  the  ground  at  either  place,  but  little  outside,  the 
coal  levels  indicate  a  fault ;  but  in  neither  instance  are  the 
two  coal  crops  over  226  yards  apart,  and  their  difference 
averages  21'  in  elevation  from  crop  to  crop. 


Chapter  IV. 

Notes  on  the  Mountain  Limestone 
{at  the  base  of  No,  XT,) 
in  the  Washington  County  Gas   Wells. 


By  Profbbsors  Alonzo  Linn  and  Edward  Linton.* 


During  the  summer  of  1885  we  made  collections  of  speci- 
mens of  drillings  from  two  oil  wells,  the  Farley  and  Wil- 
son, in  the  vicinity  of  Washington.  These  specimens  were 
carefulh'^  dried  and  examined,  and  stored  away  for  future 
reference. 

One  rock  especially  interested  us,  and  we  wish  to  call 
your  attention  to  it.  It  is  a  limestone  that  occurs  a  little 
more  than  HOC  below  the  Pittsburgh  Coal.  We  had  ob- 
served a  limestone  at  this  depth  in  the  Gantz  well,  which 
was  drilled  the  preceding  winter,  and  named  it  the  Mercer 
Limestone. t  Its  thickness,  however,  was  unprecedented 
for  that  limestone,  for  it  was  reported  to  be  more  than  20' 
thick.  We  did  not  examine  the  specimens  of  the  rock  lying 
beneath  it,  reported  by  the  drillers  of  the  Gantz  well  as  "a 
hard  white  sand,  90'  thick." 

In  the  Farlev  and  Wilson  well  the  20' limestone  occurred 
at  about  the  same  depth  (in  the  Wilson  1126')  below  the 
Pittsburgh  Coal.  When  we  examined  the  drillings  of  the 
rock  underneath  it,  called  bv  the  drillers  "a  hard  white 
sand,"  we  were  surprised  to  find  that  it  was  a  lime-sand^ 
or  siliceous  limestone.  The  whole  thickness  of  this  rock, 
including  the  upper  pure  limestone,  was  80' ;  and  it- rests 
on  a  hard  white  sandstone,  w^hich  the  drillers  do  not  dis- 
tinguish from  it. 

*Communioated  to  the  State  Geologist,  at  his  request,  March  4,  1€86. 

fSee  Reports  of  Progress  Q>,  Q',  and  othera 

(222) 
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We  at  once  suspected  that  this  was  what  Prof.  J.  J. 
Stevenson,  in  Report  of  Progress  K\  on  Ligonier  Valley, 
calls  the  Siliceous  Limestone  (the  Mountain  Limestone  of 
other  reports)  at  the  base  of  Formation  No.  XI. 

We  have  collected  a  great  many  specimens  of  this  rock 
from  many  different  wells,  and  find  their  character  so  uni- 
form and  well  marked  that  we  can  at  once  recognize  them 
by  a  glance  through  a  magnifying  glass.  This  is  the  only 
rock  in  the  whole  series  of  our  drillings  which  can  be  thus 
certainly  recognized. 

The  upper  part  of  our  rock  is  a  tolerably  pure  limestone 
about  20'  or  more  thick.  This  is  of  a  flinty-brown  color, 
inclining  to  bluish,  and  in  thin  flakes  looks  as  though  it  had 
weathered  white,  and  it  presents  a  flinty  fracture.  Ir  is  im- 
mediatelv  followed  bv  a  siliceous  limestone  or  lime-sand 
more  than  60'  thick.  Near  the  bottom  a  layer  of  limestone 
occurs  very  similar  to  the  upper  part  of  the  rock.  The 
drillings  of  the  lime  sand  are  generally  fine  sand,  and  it  is 
difficult  to  obtain  chippings.  By  patient  sifting,  however, 
we  succeeded  in  finding  many  pieces  a  quarter  of  an  inch 
and  larger  in  diameter. 

These  chippings,  under  a  magnifying  glass,  show  that  the 
rock  is  composed  of  grains  of  quartz  more  or  less  rounded, 
and  other  w^ell -rounded  opaque  grains  embedded  in  a  ma- 
trix. When  a  fragment  was  placed  in  acid  it  effervesced  as 
freely  as  limestone,  and  when  all  the  carbonate  of  lime  was 
dissolved  the  fragment  still  retained  its  size  and  shape, 
but  when  touched  with  a  glass  rod  it  crumbled  xo  grains 
of  sand. 

We  carefully  picked  out  several  of  the  opaque  rounded 
grains  and  placed  them  alone  in  acid ;  they  dissolved  with 
effervescence,  gradually  growing  smaller  until  they  entirely 
disappeared,  leaving  a  few  flakes  of  insoluble  matter. 

The  rock,  then,  seems  to  consist  of  grains  of  quartz,  some 
of  feldspar,  and  rounded  grains  of  carbonate  of  lime,  em- 
bedded in  a  matrix  of  carbonate  of  lime,  and  thus  held  to- 
gether. This  character  it  preserves  throughout  its  thick- 
ness of  60',  although  some  parts  are  nearer  a  true  limestone, 
and  break  with  a  flinty  fracture,  and  other  parts  resemble 
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a  conglomerate  with  well  rounded  miniature  pebbles.  No 
doubt  larger  pieces  of  these,  if  seen,  would  present  an 
oolitic  appearance,  with  grains  about  the  size  of  mustard 
seeds. 

We  made  several  thin  sections  of  the  chippings  of  this 
lime-sand,  and  mounted,  them  in  Canada  balsam  for  the  mi- 
croscope. When  these  are  viewed  with  a  power  of  80  or 
100  diametei*s.  they  beautifully  show  the  structure  of  the 
rock.  The  grains  of  carbonate  of  lime  are  very  regularly 
rounded,  and,  when  rendered  very  thin,  seem  to  show  in- 
ternal structure,  either  from  being  concretions  or  rounded 
fossil  remains. 

We  prepared  some  thin  sections  of  the  chippings  from 
the  upper  purer  limestone.  These,  when  magnified  about 
100  diameters,  show  many  stem-like  fossils  and  numbers  of 
Foraminifera. 

•  We  obtained  some  specimens  of  the  siliceous  limestone 
from  the  Ligonier  Valley,  and,  when  we  compared  these 
with  our  drillings,  we  found  a  remarkably  close  similarity. 
Some  parts  of  the  drillings  were  like  the  Ligonier  rock  in 
color,  composition,  and  structure ;  but  the  larger  part  of 
our  drillings  was  more  pebbly  or  grainy,  and  produced  a 
white  sand. 

We  prepared  several  thin  sections  of  the  Ligonier  rock 
also,  and,  under  the  microscope,  the  similarity  to  our  rock 
became  still  more  striking.  In  some  of  these  thin  sections 
the  grains  of  lime  were  more  elongated  than  in  our  lime- 
sand,  a"hd  we  thought  that  we  detected  marks  of  fossil  ori- 
gin. They  presented  the  appearance  of  being  fragments  of 
some  kind  of  stems,  but  the  marks  were  obscure,  since  they 
had  been  rolled,  and  worn,  and  much  rounded. 

From  this  close  examination,  and  from  the  comparison  of 
our  drillings  with  the  siliceous  limestone^  we  feel  convinced 
that  the  rock  which  occurs  80'  thick  in  all  our  wells,  about 
1100'  below  the  Pittsburgh  Coal,  is  the  same  rock  which  you 
and  Dr.  Stevenson  have  described  in  the  gaps  of  Laurel 
Hill  and  Chestnut  Ridge  as  the  Mountain  or  Siliceous  Lime- 
stone at  the  base  of  No.  XL 

We  have  received  specimens  of  the  drillings  of  this  rock 


Linton.]     piitsbukgh  coal-regiox.  chap.  iv.  225 

from  a  well  at  Claysville,  about  9  miles  west  of  this  place, 
and  also  from  the  Patterson  well,  near  Cross  Creek,  about 
12  miles  north-west.  These  agree  with  our  specimens,  ex- 
cept that  the  upper  part  of  the  rock  is  a  purer  limestone, 
which  seems  to  grow  thicker  towards  the  west.  We  have 
made  arrangements  to  secure  specimens  from  wells  as  far 
west  as  the  Ohio  river,  and  hope  in  this  way  to  trace  the 
rock  nearly  to  its  outcrop  in  Ohio. 

The  top  of  the  Piedmont  Sandstone  is  reached  in  our 
wells  about  950'  below  the  Pittsburgh  Coal,  and  170'  above 
the  Mountain  limestone.  This  Piedmont  Sandstone  is  a 
hard,  porous  rock,  about  50'  or  60'  thick,  and  usually  gives 
much  salt  water^  and  sometimes  gas  is  found  in  it.*  Be- 
tween it  and  the  Mountain  Limestone  some  sandstone  is 
passed  through,  one  or  two  very  thin  seams  of  coal,  a  little 
thin  limestone,  some  shales,  and  a  seam  of  lire-clay  at  least 
6'  thick,  which  our  drillers  generally  report  as  limestone, 
because  it  drills  like  limestone. 

Immediately  above  the  Mountain  Limestone  there  are 
more  than  30'  of  black  shales  more  or  less  calcareous. 

Tlie  Mountain  Limestone  has  a  certain  practical  signifi- 
•cance,  since,  from  the  top  of  it  to  the  usual  *' gas-sand,"  is, 
in  round  numbers,  700',  and  to  the  *' Gordon  sand,"  or  the 
^^  Third  Oil  sand,"  it  is  about  1000',  or  a  little  less. 

Along  with  this  communication  we  send  you  some 
mounted  thin  sections  of  our  rock,  in  order  that  you  may 
compare  them  with  our  description. 


*Tbe  nfime  Piedmont  sandstone  was  first  used  by  W.  G.  Piatt  In  his  Report 
of  ProgreM,  H*,  on  Somerset  ooanty,  1877,  (see  text  and  section  page  180,)  for 
the  top  80' of  the  Pottsvillb  CoyoLOMBRATB  Forication,  No.  XIl,  bor- 
rowed froui  the  local  ^ectiuns  of  the  Cumberland  coal  basin  in  Maryland.  It 
was  afterwards  used  by  I.  C.  White  in  his  first  Report  of  Progrees  Q  on  BeaTer 
ooanty,  but  immediately  replaced  by  the  name  Upper  Homewood  sandstone^ 
In  sa^)seqnent  reports  it  is  called  simply  Homewood  sandstone^  overlying 
the  Connoquenessing  sandstone. 

[Note  by  the  ^ate  Geoiogist— The  practical  utility  of  such  an  inveotigation 
a4  that  which  Profs.  Linn  and  Linton,  of  the  College  at  Washington,  are  pur- 
suing need^  no  comment.  It  is  not  a' ways  easy  to  distinguish  the  real  differ- 
enoe  in  the  dril  ings  from  two  rooks  of  a  bore-hole;  and  yet  the  whole  theory 
of  that  particular  bore-hole  miy  depend  upon  properly  making  such  a  dis- 
tinction.   In  fact,  one  of  the  chief  obstacles  to  the  eirly  understanding  of  the 
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oil  meaBores  was  the  praorioe  of  paasiiig  through  limestone  beds  without  ootio- 
ing  them,  and  oalling  them  by  some  other  more  familiar  but  quite  erroneous 
name.  The  limestone  beds  are  after  all  our  best  key  rooks ;  and  they  differ 
among  themselves  so  much  that  each  one  ftimishes  by  itself  an  Independent 
base  of  measurement.  I  have  no  doubt  that  well-drulers  in  the  new  region 
of  Washington,  Greene,  and  the  Pan-handle  already  appreciate  the  great  value 
of  Proft.  Linn  and  Linton's  disoovery  of  the  Mountain  limestone  group  of 
XI  spreading  through  the  underground  of  the  region,  at  a  depth  of  1100'  be 
neath  the  Pittsburgh  coal,  and  thickening  westward  and  southward. 

In  1875  I  recognised  it  in  the  record  of  the  Boyd's  Hill  well,  at  Pittsburgh* 
and  connected  If  with  the  Silieeatu  limestone  of  the  Gonemaugh  gaps  and  the 
sub-carboniferous  limestone  of  the  Mississippi  Valley.  See  Report  of  Progress 
L,  page  227.  It  occupies  the  26'  interval  between  depths  889'  and  914'  in  the 
Boyd's  Hill  well,  the  top  of  which  is  calculated  to  be  (allowing  for  dip)  about 
250'  below  the  Pittsburgh  coal,  which  would  make  the  top  of  the  Silieeoua 
limestone  at  Plttsbuiigh  about  1140'  beneath  the  Pittsburgh  coal.  It  lies  at 
Pittsburgh  upon  80'  of  white  sand  rock,  the  top  member  of  Formation  Na  X. 

The  drillings  of  the  25'  limestone  in  the  Boyd*s  HUl  well,  preserved  in  the 
old  Jar,  looked  like  fire  clay,  mixed  with  fine  sand  grains.  None  would  sup- 
pose it  to  t>e  limestone,  without  touching  it  with  acid  to  make  it  effervesce,  or 
else  putting  it  under  a  microscope  of  high  power  to  see  the  mixture  of  crys- 
tals and  grains  of  lime  and  g^ns  of  sand,  with  fragments  of  corfils.  Aq* 

The  description  of  the  Washington  county  wells,  given  in  Profe.  Linn  and 
Linton's  letter,  relates  plainly  enough  the  history  of  the  deposit  First,  there 
occurred  a  great  deposit  of  nearly  pure  white  sand ;  then  a  deposit  of  lime 
took  place  while  the  deposit  of  sand  continued ;  finally,  the  sand  stopped  and 
lime  alone  was  deposited. 

It  would  serve  no  good  purpose  to  insert  in  this  volume  a  drawing  of  a  re- 
markable microscopic  form  (among  many  others)  which  we  hive  found  ia 
one  of  the  specimens.  The  drillings  are  under  examination,  and  all  the  forms 
discoverable  will  be  published  in  the  next  report  of  the  Survey.—J.  P.  L.] 

*It  is  interesting  to  see  how  knowledge  gradually  advances.  Whoever 
made  the  record  of  the  Boyd*s  Hill  well  identified  this  limestone  with  the 
Kittanning  limeatone,  lying  200'  higher  in  the  series.  Just  ss  Profe.  Linn  and 
Linton  at  first  Identified  it,  in  the  Farley  &  Wilson  wells,  with  the  Mercer 
limestone,  which  lies  100'  higher  in  the  series. 


The  Coal' Beds  and  Fireclays  of  the  Welter shurg  Basin^ 

in  Somerset  County, 


By  J.  P.  liBSLBT. 


The  south-eastern  corner  of  Somerset  county  (omitted 
from  the  Rep  )rt  of  Progress,  H",  because  its  coal-basin  re- 
quired further  examination)  projects  east  from  the  Alle- 
gheny mountain,  and  contains  five  townships.  Four 
of  them,  Allegheny,  Northampton,  Larimer,  and  Green- 
ville, occupy  the  wilderness  valley,  20  miles  long  and  7 
miles  wide,  lying  between  the  Allegheny  and  Great  Savage 
mountains  ;  the  fifth,  Southampton,  covers  the  Wellersburg 
coal-basin,  (the  northern  end  of  the  Cumberland  coal-basin 
of  Maryland,)  inclosed  between  the  Great  Savage  and  Little 
Savage  mountains ;  the  latter  being  the  Bedford  county  line. 

The  geology  of  the  four  townships  lying  behind  the  Great 
Savage  mountain  is  the  same  as  that  of  the  townships  in 
Bedford  county  lying  in  front  of  the  Allegheny  mountain, 
and  is  sufficiently  described  in  Report  T",  by  Professor  J. 
J,  Stevenson. 

The  valley  has  been  eroded  along  a  great  rock-wave,*  with 
steep  dips  eastward  into  the  Savage,  and  gentler  dips 
westward  into  the  Allegheny  mountain.  The  crest  line  or 
axis  of  the  wave  is  very  straight  and  runs  nearly  through 
the  middle  of  the  four  townships,  lifting  the  Chemung 
strata  VIII  to  the  present  surface  as  a  belt  of  shale  soil  as 
far  south  as  Brush  creek  at  JohnsburgP.  O.,  and  in  all  tlie 
water  courses  at  Will's  creek  as  far  south  as  Pocohontas 
P.  O.  From  there  south  into  Maryland  the  Chemung  rocks 
VIII  lie  beneath  the  surface,  and  the  Catskill  rocks  IX  oc- 
cupy the  valley  from  mountain  to  mountain.  The  Pocono 
rocks  X  are  in  the  mountain  walls ;  the  Mauch  Chunk  red 

*Tfae  Savage  Mountain  antiolinal,  deaoribed  in  Report  T>,  on  Bradford 
ooonty,  page  9. 
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shale  XI  caps  them  ;  the  Pottsville  conglomerate  XII  makes 
the  mountain  crests. 

The  drainage  of  the  Savage  valley  is  complicated.  Part 
of  its  rainfall  gathers  into  the  Juniata  and  flows  north; 
most  of  it  gathers  into  Will's  creek  and  flows  east ;  some  of 
it  about  Wirtemberg  and  Pocohontas  gathers  into  a  branch 
of  Castleman's  river  and  flows  west  through  a  grand  gorge 
in  the  Allegheny  mountain,  to  Pittsburgh  ;  the  rest  gathers 
into  Pine  run  and  flows  south  into  Maryland.  The  influ- 
ence of  anticlinals  upon  erosion  and  topography  cannot  be 
better  studied  anywhere  than  here. 

The  Southampton  or  Wellersburg  coal-basin  is  3  miles 
wide  at  the  Maryland  line,  measured  from  the  conglomer- 
ate crest  of  the  Great  Savage  to  the  conglomerate  crest  of 
the  Little  Savage  mountain.  The  two  crests  come  together 
on  the  Bedford  county  line  of  Allegheny  township,  the 
west  wall  being  14  and  the  east  wall  12  miles  long.  The 
basin  is  cut  through  by  Will's  creek  within  2  miles  of  its 
north  end.  Its  east  wall  is  gapped  by  Gladden' s  run4J 
miles  from  the  Maryland  line ;  and  again  just  south  of  the 
line  near  Wellersburg.  Tlie  west  wall  is  unbroken  from 
Will's  creek  gap  all  the  way  south  into  Maryland. 

As  a  coal-basin  its  value  is  so  overshadowed  by  the 
Georges  creek  country  in  Maryland  that  the  mining  of  its 
coal  beds  will  be  postponed  to  the  future.  The  great  Pitts- 
burgh bed  of  Maryland  spoons  out  before  it  reaches  the 
State  line,  although  it  is  again  caught  in  the  top  of  the 
highest  of  the  Wellersburg  hills,  but  only  for  a  few 
hundred  acres.  Most  of  the  basin  is  a  broken  table 
land  of  Barren  measures,  with  three  small  coal-beds.  The 
Allegheny  coal  series  (under  the  Mahoning  sandstone)  and 
the  Conglomerate  series  taken  together  show  five  coal-beds, 
none  of  them  in  a  very  promising  condition,  although  they 
would  bear  mining  if  they  were  protected  from  competition 
with  the  great  Maryland  collieries.  Until  these  be  ex- 
hausted none  of  the  coal-beds  on  the  Pennsylvania  side  of 
the  line  could  support  a  colliery. 

In  the  matter  ol  fire-clay^  however,  the  case  is  diflfei'ent. 
TheMt.  Savage  fire  clay  bed  (over  the  Conglomerate)  outcmps 
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on  both  sides  of  the  basin  its  whole  length  in  Somerset 
conntv,  and  is  successfully  mined  on  Will's  creek,  as  de- 
scribed  by  Mr.  Harden  further  op. 

On  account  of  the  absence  of  mining  operations  our 
knowledge  of  the  coal  measures  is  imperfect.  The  late  Mr. 
James  Macfarlane,  one  of  the  Board  of  Commissioners  of 
the  Geological  Survey,  examined  the  Cxladden's  run  coal 
lands  in  the  autumn  of  1885;  made  in  company  with  Prof. 
I.  C.  White,  formerly  assistant  geologist  of  the  Survey,  a 
surface  section  of  the  Barren  measures  and  Allegheny 
series;  and  obtained  for  comparison  with  this  surface  sec- 
tion a  record  of  the  well  bored  at  Wellersburg  in  1855,  kept 
by  the  resident  physician.  Dr.  Fechtig.  On  this  survey  and 
these  sections  Mr.  Macfarlane  wrote  a  report,  and  founded 
his  opinion  of  the  practical  value  of  the  coal-field. 

Prof.  White's  section  was  made  on  the  23d  and  24th  of 
September,  1885,  partly  on  the  hill  slopes,  partly  in  the  bed 
of  the  run.  The  measurements  were  taken  by  barometer 
along  the  surface  on  the  line  of  dip.  The  intervals  are 
given  in  round  numbers,  and  must  be  taken  as  only  approx- 
imations to  the  truth.  Many  of  the  strata  were  concealed. 
The  details  of  the  section  are  therefore  defective  ;  but  im- 
portant strata  actually  exposed  could  be  directly  measured. 
On  the  whole,  this  surface  section  gives  a  generally  true  de- 
scription of  the  basin. 

To  verify  the  section  made  on  Gladden' s  run,  another  was 
made  at  Wellersburg,  from  the  Pittsburgh  bed  on  Harmon's 
summit  down  to  the  bed  of  the  valley,  in  which  a  bore-hole 
1207'  deep  had  been  drilled  for  oil  in  1865,  the  record  of 
which  was  carefully  kept  by  Dr.  S.  R.  Fechtig,  a  resident 
physician  of  Wellersburg. 

Other  sections  made  near  Wellersburg  by  Henry  K. 
Strong  in  1855,  and  in  another  locality  by  Prof.  Jas.  Hall  in 
1866,  were  used  as  collateral  guides. 

Dr.  Fechtig' s  bore-hole  record  gives  most  of  the  details 
which  are*  lacking  in  the  surface  section  ;  but  it  gives  some 
of  them  inaccurately,  because  the  keeper  of  the  record  had 
to  depend  on  the  drillings  as  interpreted  by  the  driller  :  so 
that  the  deeper  beds  of  the  hole  are  evidently  greatly  mis- 


230  GKOLOGICAli  SURVEY  OF  PENX'A,  1885. 

represented,  and  are  in  fact  disproved  by  the  surface  sec- 
tion. On  the  other  hand,  the  Toeasurements  of  the  bore- 
hole record  are  more  trustworthy  than  those  of  the  surface 
section,  because  the  hole  went  vertically  down  through 
horizontal  strata  in  the  center  line  of  the  basin.  In  fact 
they  roust  be  exactly  correct  if  correctly  reported ;  for  no 
allowance  for  dip  had  to  be  made,  as  in  the  case  of  the 
surface  section,  and  such  allowance  is  alwavs  a  source  of 
error. 

The  surface  section  takes  in  500  feet  above  the  top  of  the 
bore-hole. 

The  bore-hole  was  sunk  500  feet  below  the  lowest  rock  in 
the  surface  section,  but  no  record  of  these  500  feet  seems  to 
have  been  kept. 

The  section  and  the  record  correspond  for  about  500  feet 
of  Allegheny  series  coals,'/,  e,  from  the  base  of  the  Mahon- 
ing sandstone  to  the  bottom  of  the  Conglomerate,  No.  XII. 

The  upper  part  of  the  surface  section  represents  the  Bar- 
ren measures  outcropping  in  the  hill  sides  above  the  mouth 
of  the  bore-hole. 

Surface  Section — Barren  Measures. 

Pittsburgh  bed,  (14'  thick  in  Maryland.) 

Interval,  estimated  at     220' 

1.  Sandstone  and  oonoealed, 110' 

2.  Shales  and  iron  ore, 20' 

8.  Sandstone  and  oonoeaied, 75' 

f  Coaly  2'  6".  ^ 

4.  Welleraburg  coal,  .  .  )  Blue  slate,  6"  to  2' 6".    [say  .  .     6' 

I  Coal,  2'  0".  ) 

5.  Concealed,      60' 

6.  Limestone, 2'  ^  ^i 

7.  Coal  and  shale,  2'  ) 

8.  Shales  and  concealed,    .  .  .  .  75'  ^ 

9.  Sandstone,  seen, 6'  >      90 

10.  Shales,  drab,         10'  ) 

11.  Ooa/-6«d  reported  (by  T.  Moore,  blacksmith,) 8 

12.  Shales,  sandy,       15'  #  ^, 

18.  Sandstone,  massive,       ....  20'  > 

14.  Iron  ore,  sandy,  block, 0'  6" 

15.  Shales,  dark  and  concealed, 60' 

16.  Coal,         2' 4'* 

17.  LimcHtone? 
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18.  SlialeB  and  sandstone, 60' 

Coal,    .  .  .2'0"  toS'O" 


19.  Saw  Mill  eoal^  .  .  \  Slate,    ...      6''  to  1'  0"  [  4'  6' 

(  Coal,     .  .     1'  0"  to  r  6"  ) 


\  10' 6" 


20.  Fire  day, 1'  0' 

21.  Limestone, 6'  0" 

22.  Shales, 46' 

2S.  Boek  seam  eoal^  (reported  to  be,) 4' 

24.  Shales*       say  40' 

25.  Sandstone,   ..... 25' 

26.  Fire  clay  and  ooal  shales  ? 

27.  Shales  and  fire-clay, 20' 

28.  Sandstone,  .  .          50' 

29.  Coal-bed,     .  ]      1"  [say 8' 

C      6"  ) 

80.  Concealed  Interval  of 25'  to  50' 

8L  IHedmont  sandstone,  at  mill  dam,  in  bed  of  ran^  ....  75' 

82.  Coal-bed^  8'  to  5' say    4' 

88.  Firerclay,    ,   ,   ,    .   ; 6'  to  10' 

84.  Conglomerate  strata,  massiye,  .  « 100'  to  150' 

85.  Sandstone,  dark  shaly, W  i  ^^, 

86.  Shale, 1'  $ 

iCoal,    .  .  1" 
Slate,    .  .4"Ssay 1' 


)  Slate,     .  .4"  Si 
I  Coal,    .  .  8"  ) 


88.  Fire-^lay,  Impare,  sandy, 10' 

39.  Shales,  dark  sandy,  with  ball  ore^ 20' 

40.  Sandstone,  maasiye,    . 85' 

Red  shale  of  XI  in  Gladden  Run  gap ;  with  iron  ore. 

Bore-hole  record. 

L  Oondaocor,  in  loose  stuff, 9'  {  oq, 

2.  Slate,       11'  J    •  • 

8.  Coal-bed 1' 

4.  Interval,     19 

5.  Saw  Mill  Coal-bed 4' 

6w  Interval, 25' 

7.  Flr«-olay,       10' 

8L  Roek  seam  eoal^bed^     5' 

9.  Slate  and  hard  sandstone, 84' 

10.  Black  slate,      15' 

11.  Coal-bed 1' 

12.  Fir«<slay  and  slate,        19' 

18.  Sandstone, 4' 

14.  Slate,        15' 

15.  Coal-bed, 5' 

16w  Slate, 15' 

17.  Flr^KJlay, • 20* 

18.  Sandstone, 8' 

19.  Fire^sUy, 10' 


to 

40' 

to 

44' 

to 

79' 

to 

84' 

to  188' 

to  184' 

to  172' 

to  177' 
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20.  Redolayf 4' 

21.  Fire-clay, 10' 

22.  Sandstone,  gray, 6' 

28.  Fire-clay, 9' 

24.  Sandstone, 18' 

25.  Slate, 8' 

26.  Sandstone, 2i;' 

27.  Slate, * 14'      to  816|' 

28.  Coal-bed, 2^'      to  818' 

29.  Slate, 8|'    to    321^ 

80.  IiTMBSTONB, 8'       to    829^' 

81.  Soft  rock, 2' 

82.  Sandstone, 9' 

83.  Fire-clay, 2' 

84.  Slate, 8'      to    860^' 

86.  Coal-bed, 8^'    to    854' 

86.  Fireclay, 6' 

87.  Slates  and  flreuslay, 24'      to    881' 

88.  Black  elate, 2'      to    886' 

89.  Fire-clay, 6' 

40.  Iron  orb, 8^' 

41.  Slates  and  fire-clay, 45' 

42.  Sandstone,  dark, 8' 

48.  Fire-day, '.  .       4' 

44.  Sandstonb,  hard, 22' 

45.  Fire-clay  and  slatea, 25' 

46.  Sandstone,        . 22^'    to    517' 

47.  Coal-bed,  [black slate?] 4'      to    521 

48.  Slate,  20' 

49.  Coal-bed,  [bUck  slate?] 8^'    to    544|' 

50.  Black  rock,  4^' 

51.  Coal-bed,   [black slate?] 11|'    to    560^' 

52.  Slate,  16' 

58.  Coal-bed,    [black  slate?] 8'  to  584|' 

54.  Fire-clay, 8' 

55.  Sandstone,  gray 6'  to  598|' 

56.  Coal-bed,  [black  slate?] 2^'  to  601' 

57.  Fire-clay, 5* 

58.  Sandstone,     6'  to  612' 

59.  Unrecorded  to  bottom  o^  hole, 594'  to  1206'* 

It  is  impossible  to  credit  the  record  of  that  part  ol  this 
well  section  which  lies  between  500'  and  600'.  For,  in  this 
Interval  of  100',  it  reports  5  coal  beds,  4',  3^/  IH,  8'  and  2^' 
thick  respectively.  For  so  extraordinary  an  occurrence  we 
must  ask  better  evidence  than  that  of  an  ordinary  bore 
hole.  Most  of  the  so-called  coal  is  probably  black  and  gray 
slate,  with  thin  plies  or  beds  of  coal  mixed  in  drilling. 

*Tbe  record  sajrs  1207t  but  there  are  two  slight  errors  of  transcription  in  the 
manuscript. 
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The  intervals,  liowever,  are  probably  correct,  and  espec- 
ially the  thicknesses  of  sand  rock  layers,  to  which  the 
driller's  hand  and  the  edge  of  his  bit  are  both  delicately 
sensitive. 

The  great  quantity  of  ''lire-clay"  in  the  record  must  be 
taken  as  merely  soft  rocAr—shale  of  various  quality — only 
a  percentage  of  which  would  prove  to  be  on  trial  good  fire- 
clay. The  unusual  number  of  strata  marked  "fire-clay" 
is  explained  by  the  fact  that  it  is  commercially  a  lire-clay 
region,  and  the  very  valuable  Mt.  Savage  fire-clay-bed  was 
looked  for  as  the  drill  went  down.  This  produced  a  ten- 
dency to  regard  every  soft  shale  stratum  as  a  fire-clay -bed, 
and  it  was  so  recorded. 

The  absence  of  limestone  in  the  record  is  not  surprising, 
for  limestone  is  scarcely  recognized  by  a  driller.  If  it  be 
soft,  he  calls  it  shale  or  tire-clay  ;  if  hard,  he  calls  it  sand- 
stone, or  merely  hard  rock.  Only  when  the  stratum  is  very 
thick  and  splintery  does  it  awaken  his  curiosity,  and  then 
he  mav  learn  from  some  one  that  it  is  limestone.  As  fire- 
clay  beneath  a  coal  bed  in  one  place  will  be  argillaceous 
limestone  in  another,  and  as  siliceous  limestone  will  turn 
into  sandstone,  the  drill  may  go  down  through  a  series  of 
limestones  where  they  are  all  too  impure  to  be  recognized 
bv  the  driller. 

The  extensive  tract  of  Gladen's  run  coal  lands  is  accessible 
through  the  fine  natural  gap  just  west  of  Cook's  Mills  sta- 
tion on  the  railroad,  nine  miles  north  of  Cumberland. 

High  hills  border  the  main  branch  of  the  run  on  the  north. 
Two  or  three  ravines  of  no  great  depth,  and  opening  south- 
ward into  the  valley  of  the  run,  give  access  to  some  of  the 
upper  coal  beds  of  the  well  record,  especially  No.  5,  known 
as  the  saw-mill  bed.  This  bed  is  supposed  to  be  the  coal- 
bed  No.  19  of  the  surface  section,  cropping  out  at  no  great 
distance  from  the  bore-hole  ;  but  it  is  remarkable  that  the 
bore-hole  record  takes  no  account  of  the  five  foot  limestone 
underlying  the  saw-mill  bed  in  the  surface  section. 

The  HaiD-mill  coal-bed  where  opened  at  the  surface  con- 
sists of  two  benches,  the  upper  varying  from  2'  to  3',  the 
lower  from  V  to  \W  parted  by  slate  from  6"  to  12"  thick. 
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The  driller  reported  it  4'  solid  coal,  which  it  may  possibly 
be  where  the  bore-hole  passes  through  it,  although  the  un- 
reliability of  the  record  as  to  the  character  and  thickness 
of  many  of  the  reported  coal-beds  is  indubitable. 

The  Rock  seam  coal-hed^  struck  by  the  driller  36'  beneath 
the  Saw-Mill  coal  bed  and  called  bv  him  5'  thick,  was  seen 
as  a  mere  outcrop  on  the  surface.  By  its  blossom  it  was 
estimated  to  be  perhaps  4'  thick,  and  the  interval  was  cal- 
culated or  estimated  at  50'.  At  the  upper  limit  of  this  in- 
terval of  shaly  rocks,  just  under  the  Saw-mill  coal,  the  five- 
foot  limestone  crops  out. 

On  account  of  this  accompanying  limestone,  and  on  ac- 
count of  the  depth  at  which  it  lies  beneath  the  Pittsburgh 
bed,  estimated  by  Prof.  White  at  740',  he  is  disposed  to 
identify  the  Saw-mill  coal-bed  with  the  important  Freeport 
Upper  coal-bed  of  western  Pennsylvania  ;  but  this  identifi- 
cation is  rendered  unsatisfactory  by  the  fact  that  four  coal 
beds  in  the  neighboring  Salisbury  basin  lying  in  this  part 
of  the  coal  measures  have  similar  limestones  underlying 
them,  as  is  shown  in  columnar  section  Plate  X,  on  the  ISlst 
page  of  Report  H' ;  these  four  coal-beds  and  limestones 
occupying  an  interval  of  only  150'. 

A  black  slate  formation  16'  thick,  overlying  a  coal  bed  1' 
thick  and  underlying  the  Rock-seam  coal  by^  34',  is  a  re- 
markable circumstance  in  the  bore-hole  record,  and  it  may 
be  compared  with  the  heavy  black  slate  roof  of  coal-bed 
D.,  in  the  Salisbury  section. 

The  five-foot  coal-bed  No.  16,  38'  lower  in  the  bore-hole, 
that  is,  130'  beneath  the  Saw-mill  coal,  seems  to  represent 
coal-bed  No.  29  of  the  surface  section ;  but  the  estimated 
distance  of  this  beneath  the  Saw-mill  coal  is  190'.  The 
driller  was  probably  mistaken  in  thinking  that  he  went 
through  5'  of  coal ;  for  in  the  surface  exposure  of  coal 
No.  29,  there  appears  only  3'  of  coal,  parted  by  an  inch  of 
clay,  the  bed  being  scarcely  workable. 

Sandstone  prevails  underneath  this  in  the  bore-hole,  and 
also  at  the  surface  in.  the  neighborhood  of  the  mill-dam. 
The  record  gives  four  heavy  strata  of  sandstone,  aggregat- 
ing nearly  50'  of  sand  rock,  separated  by  shales  and  clays, 
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in  an  interval  of  90'.  The  sandstone  formation  may  repre- 
sent the  Clarion  sandstone  of  western  Pennsylvania. 

Soft  rocks,  shales,  fire-clays,  thin  coals,  or  black  slates, 
one  limestone  8'  thick,  one  sandstone  9'  thick,  and  one  iron 
ore  stratuip  3^'  thick  occupy  the  next  135'  down  to  No.  41 
of  the  bore-hole  record;  but  this  statement  respecting  the 
thicknesses  of  limestone,  coal,  and  iron  ore  must  be  ac- 
cepted with  hesitation  until  verified  by  explorations  at  their 
surface  outcrop. 

One  of  these  coal-beds  is  said  to  be  3^'  thick  with  6'  of 
fire-clay  under  it,  and  it  lies  in  the  bore-hole  310'  beneath 
the  Saw-mill  coal.  It,  therefore,  corresponds  with  suffi- 
cient closeness  to  No.  32  coal  bed  in  the  surface  section, 
estimated  to  lie  318'  beneath  the  Saw-mill  bed,  to  be  from 
3'  to  5'  thick,  and  to  have  under  it  from  5'  to  10'  of  fire- 
clay, supposed  to  be  the  Mount  Savage  fire-clay-bed,  resting 
upon  the  great  conglomerate. 

There  is,  however,  not  an  absolute  certainty  in  this  iden- 
tification; for,  in  the  bore-hole  no  sandstone  is  struck  for 
80'  beneath  the  coal  bed,  that  whole  interval  being  occupied 
with  soft  rocks. 

A  second  great  sandstone  formation,  which  is  undoubt- 
edly part  of  the  Pottsville  conglomerate  No.  XII,  appears  at 
447'  down  the  bore-hole,  and  continues  to  517'  L  e.^  from 
No.  42  to  No.  46.  In  this  interval  of  70'  there  are  three 
sand  rocks,  3',  22',  and  22^'  thick,  respectively,  with  shales 
and  fire-clays  between  them. 

The  next  90'  consist  of  slates,  some  of  them  black  enough 
to  deceive  the  driller  into  reporting  huge  coal  beds,  with 
fire-clays,  and  one  sandstone,  only  6'  thick.  But,  in  the 
surface  section  this  soft  formation  is  only  represented  by 
42'  of  shales,  containing  1'  of  coal,  a  great  bed  of  fireclay 
10'  thick  and  some  nodules  of  iron  ore.  It  is  evident  that 
while  the  description  of  the  measures  in  the  bore-hole 
record  has  little  value,  it  is  equally  evident  that  the  surface 
section  is  imjHjrfect.  In  future  explorations,  however,  the 
actual  measurements  of  the  bore-hole  record  will  be  of  the 
greatest  service  as  a  guide. 

The  bottom  member  of  the  Pottsville  conglomerate,  (No. 


236  GEOLOGICAL  SURVEY  OF  PEXN'a,  1885. 

40  in  the  surface  section)  is  estimated  at  35'.  In  the  bom 
hole  only  the  first  6'  (No.  58)  is  recorded,  and  then  the  re- 
cord stops,  the  well  going  down  594'  further  ;  that  is,  to  a 
total  depth  of  1207' ;  or,  by  putting  the  well  record  and  the 
surface  section  together,  to  a  total  depth  beneatl^  the  Pitts- 
burgh coal  of  1766'. 

The  center  line  of  the  basin  crosses  Gladen's  run  at  J. 
L.  Kennet's  mill. 

The  coal  lands  occupy  an  elevated  mass  of  hills  formed 
by  the  massive  sandstone  formation  overlying  the  Sawmill 
run  coal;  the  massive  sandstone  formation  in  the  third 
hundredth  feet  of  the  bore  hole,  rising  to  the  surface  east 
and  west,  and  rising  also  slowly  northward  along  the  axis 
of  the  basin.  The  softer  rocks  underneath  make  a  deep  de- 
pression all  around  this  central  mass  of  hills  to  the  east 
and  to  the  west ;  and  Wills  creek  has  taken  advantage  of  it 
to  the  north  for  cutting  its  channel  clean  across  the  basin. 
The  surrounding  depression  is  again  itself  walled  in  by  the 
underlying  Pottsville  conorlomerate  rocks  rising  east  and 
west  to  make  the  two.  mountains. 

The  central  mass  of  hills  rises  to  a  height  of  575'  above 
Gladen's  run  at  Kennet's  mill,  and  contains  not  only  the 
whole  of  the  coal  measures  represented  in  the  bore  hole,  but 
about  500'  of  Barren  measures  overlying;  not  enough 
however  to  take  in  the  Pittsburgh  coal,  the  amount  of  ero- 
sion from  the  hill  tops  up  to  the  Pittsburgh  coal  being  esti- 
mated at  220'. 

The  country  between  Gladen's  run  and  the  State  line  is 
of  the  same  character,  the  coal  beds  of  the  bore  hole  sink- 
ing slowly  in  that  direction,  the  central  mass  of  hills  grad- 
ually widening,  although  not  much,  and  more  and  more  of 
the  upper  part  of  the  Barren  mejisures  being  preserved  in 
the  hill  tops,  until  finally  one  of  them  is  high  enough  to  hold 
a  little  outlying  patch  of  the  Pittsburgh  bed.  Thid  patch 
is  in  Harman's  Summit,  on  the  wagon  road  just  north  of 
Wellersburg.  Harman's  Summit  is  the  highest  point  (on 
the  center  line  of  the  basin)  of  the  high  divide  which  joins 
the  two  mountains  and  throws  the  rainfall  north  into 
Gladen's  run  and  south  into  Maryland.     This  patch  of  a 


Lesley.\  wellkrsburg  coal-basin.  237 

few  hundred  acres  is  all  that  remains  of  the  great  bed  north 
of  the  State  line  in  this  basin.  Formerly  the  bed  extended 
to  the  ridge  on  Castelman's  river,  where  it  is  now  exten- 
sively mined  in  what  is  called  the  Salisbury  basin,  a  full 
description  of  which  can  be  found  in  Report  H*.  The  bed 
formerly  also  extended  northward  over  Bedford  and  Hun- 
tingdon counties,  for  a  small  patch  of  it  is  left  in  the  summit 
of  a  high  peak  in  the  Broad  Top  coal-region.  It  is  known  to 
extend  southward  through  West  Virginia,  and  it  no  doubt 
once  spread  eastward  over  Fulton  and  Franklin  counties, 
as  it  still  does  through  south-western  Pennsylvania. 

The  coal  beds  of  the  Barren  measures  are  unreliable  ;  one 
or  two  of  them  are  locally  workable,  as  described  in  Report 
H*  around  Berlin  and  Ursina.  Four  of  them  appear  in  the 
hills  of  this  Wellersburg  basin,  but  do  not  give  much  prom- 
ise. They  are  marked  in  the  surface  section  as  No.  4,  No. 
7,  No.  11,  and  No.  16 ;  No.  4  being  the  highest  and  called 
locally  the  Wellersburg  coal. 

The  Wellersburg  coal-bed  (No.  4)  has  been  mined  for 
local  use  in  two  benches  separated  by  a  blue  slate  which 
thickens  to  2^'  and  thins  to  6".  The  upper  bench  is  2^'  and 
the  lower  bench  2'.  It  lies,  by  estimation,  430'  beneath  the 
Pittsburgh  bed,  and  therefore  corresponds  to  the  Price  bed 
at  Berlin,  which  lies,  by  estimation,  375'  beneath  the  Pitts- 
burgh bed. 

A  slaty  coal-bed  (No.  7)  2'  thick  underlies  the  Wellers- 
burg bed  about  50',  and  would  correspond  with  the  Cole- 
man bed  at  Berlin.  But  the  Coleman  bed  has  a  3-foot 
limestone  under  it,  while  this  No.  7  coal  has  a  2- foot  lime- 
stone for  a  roof. 

Coal-bed  No.  11  lies  about  144'  beneath  the  Wellersburg 
coal  and  is  reported  by  Mr.  Moore,  the  blacksmith,  to  be  3' 
thick.  It  may,  perhaps,  correspond  to  the  Philson  bed  at 
Berlin,  which,  however,  lies  only  about  100'  beneath  the 
Price,  and  has  a  well  defined  limestone  under  it  which  is  not 
reported  by  Mr.  Moore. 

Coal  bed  No.  16,  2^'  thick,  has  a  limestone  under  it  and 
nothing  to  correspond  with  it  as  a  coal-bed  at  Berlin. 

The  fact  is  the  surface  section  of  barren  measures  in  this 
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Wellersbnrg  basin  is  so  imperfect,  and  we  know  so  little  of 
the  way  these  coal-beds  vary,  and  so  little  of  the  limestones 
which  accompany  them  and  which  are  notoriously  liable  to 
the  greatest  variations,  that  we  are  in  no  condition  for  de- 
termining the  identity  of  the  barren  measure  coals  in  the 
Wellersbnrg  basin  with  the  Salisbury-Berlin  basin,  except 
in  a  general  way.  It  is  entirely  probable  that  the  Wellers- 
bnrg coal  and  tlie  three  coal-beds  under  it  are  the  four  beds 
at  Berlin,  viz.:  the  Piatt,  the  Price,  the  Coleman,  and  the 
Philson.  Prom  the  Wellersbnrg  coal,  down  to  the  No.  16 
coal,  is  estimated  at  240'.  The  distance  from  the  Price  down 
to  the  Philson  is  estimated  at  200'. 

It  is  not  likely  that  any  of  these  barren  measure  coals 
will  have  a  market  value  for  a  long  time  to  come. 

The  center  line  of  the  basin  southward  crosses  the  State 
line  at  the  stone  grist  mill  just  south  of  Barrelville ;  but 
although  the  ba^in  deepens  into  Maryland  the  hills  are  cut 
down  lower  and  therefore  do  not  contain  the  Pittsburgh  bed. 

All  the  coals  of  this  basin  are  semi-bituminous,  contain- 
ing from  16  to  18  per  cent,  of  volatile  matter,  the  quality 
being  excellent,  the  only  drawback  being  the  comparative 
smallness  of  the  beds  and  the  overpowering  competition  of 
the  great  Pittsburgh  bed  in  the  Maryland  part  of  the  basin. 
This  is  the  opinion  which  the  geologists  of  the  State  have 
always  entertained,  and  it  is  confirmed  by  Mr.  Macfarlane, 
whose  knowledge  of  the  coal-fields  of  the  State  was  excel- 
lent. There  are  surface  openings  on  several  of  the  coal 
beds.  Only  one  opening,  however,  has  been  made  in  the 
whole  region  on  what  is  considered  its  best  bed,  (No.  29  of 
the  surface  section,)  the  upper  one  of  the  two  beds  which 
have  been  opened  at  Tauber's  fulling,  mill  on  the  south  side 
of  Gladen's  run,  the  thickness  of  which  however,  has  been 
variously  reported. 

The  altitude  of  Kennel's  mill  above  the  Baltimore  and 
Ohio  railroad  at  Cook's  mills  is  (by  barometer)  450';  the  dis- 
tance about  4  miles.  A  survey  for  a  railroad  is  said  to  have 
been  once  made,  but  no  recorded  profile  of  it  could  be  dis- 
covered ;  but  the  line  is  evidently  an  easy  one. 

Much  of   the  land  is  covered  with  excellent  timber,  of 
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which  the  white  oak  is  most  valuable.  A  responsible  lum- 
berman of  Cumberland  offers  $1.50  per  M  b.  m.  for  it,  and 
says  he  is  paying  $2.50  for  it  within  half  a  mile  of  the  rail- 
road, only  trees  more  than  a  foot  in  thickness  being  taken 
for  lumbering  purposes.  If  miites  were  opened,  the  timber 
should  be  saved  for  colliery  use. 


Report  on  fire-clay^  hy  Mr.  E.  B.  Harden. 

Wills  creek,  flowing  south-east  from  Fairhope,  cuts  its 
way  down  through  the  Conglomerate  No.  XII,  and  red 
shales  and  sandstones  of  No.  XI,  exposing  a  fire-clay-bed 
along  the  face  of  the  mountain  about  300  feet  above  water 
at  Williams  station.  Two  openings  have  been  made  on 
the  north-east  side  of  the  creek  in  Allegheny  township, 
Somerset  county. 

The  North  Savage  Fire  Brick  Company's  mine,  owned. by 
Welsh,  Palmer  &  Maxwell,  on  land  of  H.  T.  Weld,  was 
opened  in  September,  1881J  and  is  entered  by  a  drift  on  the 
clay,  327  feet  above  Wills  creek  at  Williams  station,  on  the 
Pittsburgh  division  of  the  Baltimore  and  Ohio  R.  R.  The 
drift  follows  a  general  course  of  N.  53°  E.  It  is  about  a 
thousand  feet  lon^  and  is  carried  around  the  heads  of  old 
chambers  coming  up  from  the  adjoining  mine  on  the  south- 
east, making  a  curve  to  the  north  in  its  course  which  car- 
ries it  up  the  pitch  and  makes  a  summit  about  one-third 
the  distance  in.  The  direction  now  being  driven  at  the  face 
of  the  heading  is  N.  45°  E.  The  small  quantity  of  water 
made  in  the  mine  drains  into  the  workings  on  the  south- 
east. The  thickness  of  the  clay  at  the  face  of  the  heading 
varies  from  10  to  12  feet,  a  large  portion  of  it  being  hard  or 
^^flint"  clav. 

The  chambers  are  driven  off  the  main  heading  to  the  right 
and  left,  from  12  to  14  feet  wide,  as  the  nature  of  the  clay 
will  permit ;  those  on  the  north-west  side  are  short,  being 
stopped  when  reaching  what  the  miners  term  "sandrock," 
a  hard  sandy  clay  which  runs  in  a  north-east  course  across 
the  bed.     The  chambers  on  the  south-east  side  are  limited 
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in  length  owing  to  the  proximity  of  the  property  line.  The 
extent  of  the  sand  rock  is  not  known,  not  having  been  driven 
through;  at  one  point  in  the  main  heading  it  comes  up  from 
the  floor  entirely  cutting  out  the  clay;  and  in  the  room  to 
the  north-east  nearest  the  end  of  the  heading  the  sand  rock 
is  struck  in  the  roof  at  15  feet ;  and  in  a  few  feet  further  it 
descends  reducing  the  clay  to  6  feet,  where  the  chamber  is 
8topi)ed.  Mr.  Thomas  Maxwell,  the  superintendent,  intends 
driving  this  chamber,  if  possible,  through  it. 

The  clay  bed  varies  in  thickness  in  this  mine  from  4  to  15 
feet,  and  is  composed  of  hard  or  ''flint"  clay,  and  soft  or 
plastic  clay,  without  a  parting  of  any  other  material  be- 
tween them.  The  two  kinds  of  clay  do- not  hold  any  regu- 
lar position  one  with  the  other,  the  hard  clay  being  some- 
times on  top  and  again  below.  The  miners  say,  however, 
that  the  hard  clay  is  more  often  found  below  the  soft.  The 
proportion  of  hard  and  soft  clay  is  not  constant,  and  varies 
in  a  few  feet  from  nearly  all  hard  to  nearly  all  soft  clay. 

The  hard  clay  is  light  gray  in  color,  and  most  of  it  has 
minute  veins  or  darker  colored  clay  from  ^^^  to  -j^  of  an  inch 
thick,  running  in  all  directions  through  it.  It  is  very  dense 
and  hard,  and  when  exposed  to  the  weather  it  does  not 
readily  disintegrate. 

The  soft  clay  is  a  lighter  gray  in  color  and  is  greasy  to 
the  touch.  When  exposed  to  the  weather,  or  to  air  and  mois- 
ture in  the  mine,  it  rapidly  becomes  plastic  and  with  much 
weight  upon  it  will  run. 

The  hard  clay  is  that  most  sought  after,  the  greater  part 
of  the  soft  clay  going  to  the  waste  dump. 

A  small  bed  of  coal  from  2  to  12  inches  thick  is  carried 
on  the  clay,  the  upper  surface  of  which  is  wavy,  as  is 
seen  in  the  sketch,  made  at  the  mouth  of  the  drift.  The 
coal  is  taken  down  in  mining,  as  it  separates  from  the  sand- 
stone above,  and  becomes  a  source  of  danger  to  the  miners. 
When  the  coal  is  taken  down  very  little  timbering  is  found 
necessary,  the  sandstone  making  a  good  roof.  This  is  shown 
in  the  old  workings  where  the  clay  has  been  robbed  out,  and 
the  roof  and  floor  are  gradually  squeezing  out  the  clay  pil- 
lars and  coming  together  without  breaking. 
16 
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The  clay  is  mined  by  blasting  with  powder,  holes  2^  to  3 
feet  deep  being  made  with  sledge  and  drill. 

In  this  mine  the  work  is  done  by  a  contractor  who  deliv- 
ers the  clay  at  the  tipple  for  a  price  per  cubic  yard,  and 
famishes  everything  but  horse-power  and  cars. 

The  clay-bed  dips  8  degrees  S.  30°  E.  and  a  slight  de- 
pression in  the  hill  to  the  north-west  of  the  opening  swings 
the  outcrop  around  to  the  north,  allowing  the  chambers  on 
the  north-west  side  of  the  gangway  to  be  driven  to  day- 
light, if  the  sand  rock,  before  spoken  of,  is  not  found  to  be 
too  formidable  a  barrier. 

No  attempt  is  made  to  ventilate  the  mine  other  than  the 
natural  circulation  of  the  air,  but  the  small  quantity  of 
powder  used  seems  to  prevent  any  serious  inconvenience  in 
working. 

Eight  miners,  one  driver,  and  one  outside  man  are  em- 
ployed in  getting  the  clay  to  the  tipple. 

A  section  made  at  the  mouth  of  the  drift  reads : 

Cba2, reported 4  feet. 

Concealed, 19 

Sandstone,  fine,  light  oolored,  maaslve, 10 

Coal, Otol 

Fire-clay, 12 

Shale, 6 

Sandstone,  current  bedded, — 

The  Steep  slope  from  here  down  to  the  bed  of  the  creek, 
say  300  feet,  is  completely  covered  with  blocks  of  sand- 
stone and  conglomerate. 

Bowldei33  of  conglomerate  are  seen  on  the  hillside  above 
the  mouth  of  the  drift. 

From  the  entrance  of  the  mine  to  the  fire-brick  works  a 
tram  road  2200  feet  long,  running  north,  with  a  descending 
grade  of  one  foot  per  hundred,  reaches  the  head  of  the  plane, 
which  descends  190  feet  in  elevation  to  the  dump  at  the 
works  on  the  bank  of  the  creek.  An  overhead  drum  and  f 
inch  wire  rope  are  used,  the  loaded  cars  hauling  up  the 
empties. 

The  clay  is  ground  in  a  revolving  pan  with  stationary 
rolls,  driven  by  a  horizontal  engine  and  return  flue  boiler, 
and,  when  sufficiently  fine,  is  taken  out  with  a  shovel  and 
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thrown  into  a  shute  leading  to  the  molder's  table  on  the 
floor  below.  The  clay,  after  being  molded  into  bricks,  is 
allowed  to  dry  partially,  and  is  then  pressed  in  a  machine 
by  hand,  the  press  carrying  a  die  giving  the  brand  for  the 
particular  kind  of  brick  being  made,  after  which  they  ai-e 
further  dried  and  are  ready  for  the  kiln. 

The  proportion  of  hard  and  soft  clay  is  varied  to  suit  the 
purpose  for  which  the  brick  is  to  be  used,  the  hard'  clay 
making  a  porous  brick,  and  the  soft  clay  one  more  dense. 
The  "No.  1"  brick  of  these  works  is  made  of  flint  clay 
mixed  with  one  fourth  soft  clay  ;  other  classes  and  brands 
are  made  varying  in  composition.  The  "silica"  brick  is 
made  from  the  sandstone  and  conglomerate  rocks  which 
line  the  mountain  side,  the  rocks  being  ground  and  mixed 
with  one  third  soft  clay,  which  makes  a  porous  and  very 
refractory  brick,  useful  in  the  furnape  where  a  cutting  flame 
strikes. 

A  red  brick  is  made  from  clay  dug  near  the  works,  which 
appears  to  be  debris  of  the  decomposed  red  sandstones  and 
shales  filled  with  angular  pieces  of  white  sandstone.  It  is 
ground  up  in  the  crushing  pan  and  makes  a  hard  brick.  A 
sample  tested  at  the  Keystone  Bridge  Works  at  Pittsburgh 
.bors  295,100  pounds,  or  584  tons  per  square  foot. 

All  the  clay  obtained  at  this  mine  is  manufactured  at  the 
\works,  and  none  shipped  to  other  points. 


The  second  opening,  on  the  north-east  side  of  Wills 
'Creek,  in  Allegheny  township,  Somerset  county,  is  that  of 
the  Savage  Fire  Brick  Company.  The  works  w^ere  opened 
in  1870,  and  three  drifts  made,  but  now  abandoned.  The 
present  drift  was  opened  in  1875,  and  extends  960  feet  N. 
56°  E.,  and  then  680  feet  S.  84°  E.  ;  in  all,  1640  feet.  Two 
branch  headings  are  made  on  the  north  and  two  on  the 
south  of  the  main  gangway,  the  latter  diverging  to  the 
south-east.  The  thickness  of  clay  at  the  mouth  of  the  drift 
is  4'  6",  and  it  varies  in  thickness  until  at  350  feet  it  is  6 
feet  thick.  At  550  feet  from  the  mouth  of  the  drift  the  clay 
is  reduced  to  2  inches,  and  at  650  feet  it  entirely  disappears, 
together  with  the  coal  bed  on  top  of  it,  allowing  the  sand- 
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stone  to  rest  directly  on  the  under  shale.  The  clay  is  thus 
cut  out  for  a  hundred  feet ;  then  it  comes  in  again.  At 
1200  feet  it  has  thickened  to  25  feet. 

At  the  present  face  of  the  main  heading  it  is  from  10  to 
12  feet  thick.  The  rolls  in  the  clay  make  it  sometimes 
necessary  to  take  up  the  bottom  to  reduce  the  grades,  and 
Mr.  James  Noel,  the  mine  foreman,  reports  the  under  shale 
4  to  5  feet  thick,  with  6  inches  of  coal  at  the  bottom,  un- 
derlaid by  sandstone. 

The  bed  is  the  same  as  that  worked  in  the  North  Savage 
mine  adjoining,  and  the  proportion  of  hard  and  soft  clay 
is  about  the  same. 

The  headings  on  the  south  of  the  main  heading  are  driven 
partly  down  the  dip;  but  the  mine  makes  so  little  water 
that  no  diflBculty  is  experienced,  ten  water  cars  a  week  be- 
ing all  that  is  made  in  these  dip  workings.  The  other  part 
of  the  mine  is  drained  by  a  2-inch  syphon. 

Several  trial  openings  have  been  made  along  the  outcrop 
to  the  south-east,  which  prove  the  continuation  of  the  fire  - 
clay-bed  in  that  direction.  A  coal-bed,  reported  to  be  4 
feet  thick,  with  two  inches  of  slate  in  the  middle  of  it,  has 
been  opened  in  several  places  30  feet  above  the  clay-bed. 

Iron  ore  balls  are  frequently  met  with  in  the  clay-bed  in 
this  and  in  the  adjoining  mine  ;  they  occur  both  in  the  soft 
and  haM  clay,  and  in  all  parts  of  the  bed. 

Trial  shafts  have  also  been  pu  t  down  to  the  clay-bed  by  this 
company  near  the  outcrop,  a  mile  and  three  quarters  north 
of  Williams  Station,  on  the  farm  of  J.  Martin,  where  the 
basin  spoons  out  to  the  north-east. 

Thirty  miners,  3  drivers,  and  3  laborers,  are  employed  at 
this  mine  in  two  shifts,  the  work  going  on  night  and  day, 
producing  at  this  time  over  100  tons  of  clay.  The  men  are 
paid  by  the  car,  holding  two  tons,  and  are  required  to  get 
out  a  certain  number  for  a  day's  work. 

The  head  of  the  plane,  570  feet  long,  is  at  the  drift  mouth, 
and  the  clay  is  sent  down  by  means  of  a  drum  and  wire 
rope  to  the  works,  250  feet  vertically  below. 

A  Grardner's  patent  three-cylinder  engine,  by  Dunban  & 
Sons,  of  Buffalo,  drives  the  machinery  of  the  works.     The 
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clay  is  ground  dry  in  a  Stevenson  pan  9  feet  in  diameter, 
with  perforated  adjustable  plates,  which  allow  the  clay,  as 
fast  as  ground,  to  fall  through  into  a  hopper.  It  is  then 
carried  to  the  upper  floor  by  means  of  a  belt  and  buckets, 
where  it  is  screened  and  run  into  a  pug  mill,  and  given  the 
proper  amount  of  water,  and  thoroughly  mixed  by  a  hori- 
zontal shaft  carrying  blades,  after  which  it  is  sent  to  the 
molder's  table. 

A  furnace  for  calcining  the  clay  has  been  erected  at  these 
works,  but  was  not  running  at  the  time  of  my  visit,  the 
necessary  amount  of  calcined  clay  being  obtained  from  the 
broken  and  defective  bricks,  which  are  ground  up  in  the 
same  manner  as  the  clay  ;  and  the  addition  of  this  calcined 
clay  gives  the  brick,  when  burned,  its  maximum  shrinkage. 
The  shrinkage  from  the  molded  to  the  finished  brick  is  one 
inch  per  foot. 

There  are  three  kilns  at  this  place,  holding  43,000  9-inch 
brick  each.  For  the  purpose  of  computing  wages,  &c.,  all 
sizes  of  brick  are  reduced  to  the  9-inch  standard. 

Forty-eight  men  and  boys  are  employed  here  in  the  man- 
ufacture of  fire  brick,  and  300  tons  of  coal  per  month  are 
used,  principally  in  firing  the  kilns,  about  30  tons  being  re- 
quired for  the  burning  of  a  kiln  of  brick. 

Clay  is  prepared  here  and  shipped  dry  to  the  other  works 
of  the  company,  at  Hyndman,  in  Bedford  county,  and  Key- 
stone, in  Somerset  county. 

At  the  mine  of  this  company,  at  Keystone,  the  clay  be- 
came poor  in  quality,  and  it  was  necessary  to  obtain  a  sap 
ply  from  another  quarter.     This  led  to  the  location  and 
opening  of  the  present  mine,  at  Williams  Station. 


On  the  south-east  side  of  Wills  Creek,  at  Williams  Sta- 
tion, the  clay  bed  has  been  opened  245  feet  above  the  level 
of  the  creek,  and  a  drift  put  in  S.  58°  W.  about  200  feet 
long.  The  clay  is  here  7  feet  thick,  with  an  average  of  10 
inches  of  coal  between  it  and  the  roof  sandstone.  The 
4-foot  coal-bftd  has  also  been  opened  35  feet  above  the  clay. 
All  the  openings  on  the  coal  have  fallen  shut,  and  its  char- 
acter and  thickness  cannot  now  be  seen. 
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At  Ellerslie,  6  miles  west  of  Cumberland  and  on  the 
Maryland  State  line,  James  Gardner's  fire  brick  works,  on 
the  Pittsburgh  Division  of  the  B.  &  0.  R.  R.,  is  supplied 
with  clay  from  the  mines  2i  miles  east  of  Ellerslie,  on  the 
summit  of  the  Little  Allegheny  mountain,  1060  feet  in  ele- 
vation above  the  railroad  (at  Ellerslie.) 

The  mine  is  reached  by  a  narrow-guage  road,  2  miles  long 
to  the  foot  of  the  plane,  rising  in  the  distance  475  feet,  and 
an  incline  plane  half  a  mile  long  rising  585  feet ;  the  upper 
half  of  the  plane  being  the  steepest,  and  .rising  at  an  angle 
of  22  degrees. 

The  entrance  to  the  mine  is  about  40  yards  south  of  Mason 
and  Dixon's  line,  and  within  50  yards  of  a  corner  post 
marking  Somerset  and  Bedford  counties,  Pennsylvania,  and 
Allegheny  county,  Maryland.  The  summit  of  the  moun- 
tain has  been  eroded  at  this  place,  making  a  slight  depres- 
sion or  notch  in  the  crest,  the  mine  being  on  the  eastern 
slope  of  the  divide  in  the  notch,  which  allows  it  to  be  oper- 
ated down  the  eastern  or  outside  slope  of  the  mountain  to- 
wards Ellerslie.  The  bed  dips  N.  76°  W.  from  28°  to  30°, 
the  pitch  being  steeper  near  the  mouth  of  the  drift,  which 
follows  a  general  course  of  S.  20°  W. 

Tlie  regularity  of  the  dip  allows  the  gangway  to  be  driven 
with  enough  rise  to  properly  drain  the  mine ;  and  the  hill 
rising  south-westward  gives  about  150  feet  of  a  lift  near  the 
present  face  of  the  gangway. 

The  hard  and  soft  clay  occupy  a  regular  position  with 
each  other,  the  hard  clay  always  being  on  top  and  separated 
from  the  soft  clay  by  more  or  less  hard  sandy  clay  some- 
what resembling  the  "sandrock"  or  sandy  clay  of  the 
mines  at  Williams  Station. 

The  soft  clay  being  underneath  allows  of  a  simple  and 
easy  method  of  mining,  the  soft  clay  being  taken  out  first 
and  cleared  away  for  a  distance  of  15  or  20  feet,  when  the 
hard  clay  is  blown  down. 

The  soft  clay  is  harder  than  that  seen  at  other  mines  and 
does  not  run. 

The  concretions  of  iron  ore  are  said  to  be  found  always 
between  the  hard  and  soft  clay. 
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There  is  no  coal  on  the  top  of  this  clay-bed. 

Near  the  raouth  of  the  drift  the  hanging  wall  of  shale 
has  been  driven  through  westward,  the  shale  being 8  to  10 
feet  thick,  and  a  bed  of  plastic  clay  reached  from  5  to  6 
feet  thick,  having  above  it  2  feet  of  black  slate,  with  a  coal 
bed  6  inches  to  1  foot  thick  on  top  of  it. 

On  the  opposite  side  of  the  notch,  north-east  of  the  pres- 
ent opening  and  on  the  Pennsylvania  side  of  the  Line,  a 
tunnel  was  driven  for  the  purpose  of  reaching  a  still  higher 
bed  of  fire-clay  in  which  the  following  section  was  devel- 
oped and  given  to  me  from  recollection  by  Mr.  Stultz,  the 
mine  boss : 

Hard  oonglomeritio  sandstode,  the  white  quarts  pebbiee  beiog 

BB  large  aa  peaa, ,  ...  82' 

Fireclay, 2' 

Slate, 2' 

Coal, • CO" 

Slate, 2' 

The  measures  dipping  about  30°  degrees  made  the  dis- 
tance driven  through  double  the  thickness  above  given  ;  and 
finding  that  another  sandstone  had  to  be  encountered  be- 
fore reaching  the  clay,  the  tunnel  was  abandoned  and  is 
now  fallen  in. 

The  first  work  done  at  the  EUerslie  mine  was  along  the 
outcrop  of  the  bed,  and  quite  extensive  excavations  have- 
been  made  along  the  crop  for  a  quarter  of  a  mile  on  a  course 
S.  20°  E. 

About  70  feet  west,  and  above  the  outcrop  of  the  clay  bed, 
a  ledge  of  conglomeritic  sandstone  is  seen  on  the  surface, 
which  is  undoubtedly  the  same  conglomeritic  sandstone 
passed  through  in  the  tunnel  on  the  north  side  of  the  notch 
above  described.  Several  hundred  feet  west  of  this  sand- 
stone, and  higher  in  the  measures,  Mr.  Stultz  informs  me  a 
shaft  was  put  down  on  a  clay-bed ;  but  further  than  that 
the  clay  was  colored  with  iron  he  could  give  me  no  informa- 
tion. It  has  been  plowed  over  and  the  exact  location  could 
not  be  determined. 

Two  miners  and  three  loaders,  also  acting  as  drivers  and 
plane  men,  are  employed,  and  10  cars,  holding  2  tons  each, 
are  gotten  out  per  day. 
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The  loaded  cai*s  run  from  the  foot  of  the  plane  to  the 
works  at  EUerslie  by  gravity,  and  horses  are  used  to  bring 
back  the  empty  cars,  each  horse  bringing  up  one  car  and 
making  6  trips  per  day. 

At  the  brick  manufactory  two  sets  (jf  machinery  are  in 
place,  but  only  one  engine  and  crushing  pan  were  running 
at  the  time  of  my  visit.  The  clay  is  ground  and  mixed  in 
a  revolving  pan,  the  subsequent  treatment  being  much  the 
same  as  at  other  works  in  the  region.  Three  kilns  are  used 
for  firing  the  brick. 

The  three  mines  described  above  are  the  only  ones  in  the 
region  in  Pennsylvania,  and  no  other  openings  on  the  clays 
of  the  basin  are  known  to  have  been  made,  and  no  informa- 
tion can  be  obtained  respecting  the  clay  deposit  along  its 
outcrop  between  EUerslie  and  Williams  Station. 


Report  on  the  Tipton  Run  Coal  Openings^  Blair  county. 
{Coal  Beds  in  the  Pocono  Formation  No,  X.) 


Bt  Ghablbs  a.  Ashburhbr. 


About  four  miles  north  of  Tipton  Station,  on  the  Penn- 
sylvania Railroad,  in  Antis  township,  Blair  county,  and  on 
the  lands  formerly  owned  by  the  Summit  Coal  Company, 
limited,  but  now  owned  by  the  newly-organized  company 
known  as  the  Tipton  Run  Coal  Company,  there  have  been 
opened  the  outcrops  of  several  (ten  or  more)  coal  beds  oc- 
curring in  the  Pocono  Sandstone  No.  X.  One  of  these  coal- 
beds  has  been  opened  for  many  years,  and  was  examined 
and  reported  upon  by  Professor  Lesley  about  1852. 

At  the  base  of  the  Lower  Productive  Coal  Measures,  both 
in  the  Pennsylvania  bituminous  and  anthracite  fields,  oc- 
curs a  series  of  beds  of  sandstones  and  conglomerates, 
which,  in  special  localities,  contains  coal-beds  of  workable 
dimensions.  In  the  bituminous  fields  these  beds  are  known 
as  the  Marshburg,  Alton,  Mercer,  &c.,  coal-beds.  In  the 
western  part  of  the  anthracite  region  the  Upper  and  Lower 
Lykens  Valley  coal-beds  occur  in  the  same  formation. 

This  series  of  sandstones  and  conglomerates,  with  the  in- 
cluded coal-beds,  is  known  under  the  general  name  of 
Pottsville  Conglomerate,  No.  XII,  on  account  of  the  maxi- 
mum development  of  the  formation  being  found  in  the 
vicinity  of  Pottsville,  Schuylkill  county. 

Directly  on  top  of  the  uppermost  member  of  the  Potts- 
ville Conglomerate,  No.   XII,  in   the  bituminous  region,  ^/ 
occur  the  productive  coal-beds  of  Clearfield  and  adjoining 
counties,  and  in  the  anthracite  region,  all  the  Coal  Measures 
above  and  including  the  Buck  Mountin  coal-bed. 

Immediately  beneath  the  Pottsville  Conglomerate  occurs 
the  Mauch  Chunk  Red  Shale,  No.  XI,  which  is  over  2100 
feet  thick  along  the  Lehigh  River,  in  Carbon  county,  but 
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which  gradually  thins  out  toward  the  northern  and  western 
parts  of  the  State ;  along  Tipton  run  it  is  only  250  feet 
thick,  and  it  is  hardly  recognizable  in  the  north-western 
counties  of  McKean,  Warren,  and  Forest,  where  it  is  prob- 
ably represented  by  25  to  50  feet  of  shaly  strata  (not  always 
red)  immediately  under  the  lowest  member  of  the  Potts- 
ville  Conglomerate. 

Underlying  the  Manch  Chunk  Red  Shale,  No.  XI,  occurs 
thePocono,  No.  X,  or  the  Vespertine  Sandstone  of  the  First 
Geological  Survey.  To  this  formation  Professor  Lesley  re- 
ferred the  Tipton  coal-bed,  which  he  first  examined  over 
30  years  ago,  and  all  subsequent  examinations  have  con- 
firmed his  conclusion. 

During  the  progress  of  the  Second  Geological  Survey  a 
number  of  coal-beds  have  been  found  in  this  same  Pocono 
Sandstone  at  other  points  in  the  State,  so  that,  in  a  strictly 
geological  sense,  the  Coal  Measures  must  be  considered  to 
commence  at  the  base  of  the  No.  X  strata  which  have  always 
been  assigned  to  the  Carboniferous  period ;  but,  on  account 
of  the  uncertain  occurrence,  thickness,  and  composition  of 
the  coal-beds  of  the  Pocono  Sandstone,  practical  geologists 
and  coal  men  will  continue  to  consider  the  Pottsville  Con- 
glomerate the  base  of  the  Productive  Coal  Measures  proper. 

The  coal-beds  occurring  in  the  Pocono  formation  in  Penn- 
sylvania will  probably  never  be  found  to  possess  sufficient 
thickness  to  permit  of  their  extensive  mining^  but  in  special 
cases  some  of  these  beds  may  be  found  sufficiently  thick  and 
persistent  to  permit  of  their  being  economically  mined; 
this  fact,  however,  will  have  to  be  established  by  actual  de- 
velopments in  each  individual  case,  since  our  knowledge  of 
the  characteristics  of  the  Pocono,  No.  X,  coal-beds  makes 
geologists  and  miners  suspicious  of  their  occurrence  as  beds 
of  any  commercial  value. 

One  of  the  most  interesting  occurrences  of  coal-beds  in 
Formation  No.  X  is  where  it  encircles  the  Broad  Top  moun- 
tain plateau  in  Huntingdon,  Bedford,  and  Fulton  counties, 
forming  Sideling  hill  on  the  east  side  of  Broad  Top  moun- 
tain, and  Terrace  mountain  on  the  west  side. 

In  the  carefully  measured  section  of  this  formation,  which 
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I  made  in  1875,  in  Smith's  and  Ground  Hog  valleys  and 
through  the  Sideling  Hill  tunnel  of  the  East  Broad  Top 
railroad,  the  formation  was  determined  to  be  2133  feet  thick, 
divided  into  the  following  members : 

upper  X.     d.  Sandstone,  maasl^e  and  flaggy, ....  610'  \ 

Middle  X.i  ^  Goal  bearing  series,     .  .      813' S    1808' 

'  (  b.  Conglomerates,  sandstones,  etc.,  .  .  .  880'  ) 
Lower  X.     a.  Sandstones  and  shales, 880^ 

Total  length  in  SideUng  hill, 2188' 

The  coal  bearing  strata  contain  19  seams  of  coal,  with  an 
average  individual  thickness  of  one  inch  and  a  half.  Their 
thickness,  if  added  together,  and  combined  with  that  of  the 
numerous  thinner  seams  and  partings  scattered  through  the 
strata,  and  not  precisely  located  in  the  section,  would  be 
sufficient  to  form  a  solid  seam  of  coal  about  four  feet  thick. 

The  following  analysis  of  the  section  shows  the  position 
of  each  coal-bed  and  the  intervals  between  them,  filled  gen- 
erally with  sandstone : 

Sandstone  interval,  thioknees, 29'  6" 

19.  Coal^  2\  inohes  thlok. 

Sandstone, 76'  8" 

18.  Coa2,  2  inches. 

Sandstone, 1'  64" 

17.  Ooalf  8  inches. 

Sandstone, 41'  4" 

16.  Coal,  I  inch. 

Sandstone,      2'  6'' 

16.  Coal,  I  inch. 

Sandy  tire-day, 6" 

14.  Coal,  I  inch. 

Sandstone, 47'  1" 

18.  Coal,  1  inch. 

Sandstone, 6'  0" 

12.  Coal,  8  inches. 

Sandstone, 6'  0'' 

11.  Coal,  1  inch. 

Sandstone, 4'  0" 

10.  Coal,  8  inches. 

Sandstone,      2'  0" 

9.  Coal,  8  inches. 

Sandstone, 1'  0" 

8.  Coal,  I  inch. 

Sandstone  and  shale, 86  8" 

7.  Coal,  1  inch. 

Fire-c:ay  and  sandstone, 5'  0" 
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6.  Coal^  1  inch. 

Sandstone,      1'  O'' 

6.  Coal^  2  inches. 

Saodstme, 6" 

4.  Coai^  2  inches. 

Sandstone, 17'  0" 

8.  (Joal^  2  inohes. 

Sands  one, 28'  0" 

2.  Coal,  1  inch. 

Sandstone, 6'  0" 

I.  Coal^  1  inoh. 

B  aok  s  ate  p*ant  bed, 25'  0" 

Grouping  the  coal-beds  which  lie  close  together,  we  have 
the  following  series : 

Sandstone,  top  of  series, 29'  6" 

Oas  eoal-bedf  2\  inohes  thiok. 

Sandstone,  mass  of, 76'  8" 

Two  coal-beds,  in  24  inohes  of  spaoe. 

Sands  one,  mass  of,  41'  4" 

Tiao  coal-bedSf  in  8  8  of  dis  anoe. 

Sandsione,  mass  of^  47'  1" 

iSiz  eo€U4)ed8f  in  19  10  of  distanoe. 

Sandstone,  masi  of,  86'  8'' 

F\}ur  eoal^edSf  in  6  10  of  distance. 

Sandstone,  mass  of, 17'  C 

One  eoal^bed,  2  inches  thick. 

Sandstone,  ma^s  of, .  23'.  0" 

Two  eoal'beds,  in  5  2  of  distanoe. 

Fire-clay  occurs  only  under  seams  Nos.  7  and  15 ;  that 
under  No.  15  being  very  sandy. 

The  sandstones  between  the  several  seams  have  a  great 
sameness  of  character,  and  are  very  much  broken  up  by 
false  bedding  and  fractures  ;  in  many  cases  they  contain 
seams  or  partings  of  coal.  The  numbered  seams  and  part- 
ings generally  lie  parallel  with  the  true  bedding  of  the  strata, 
although  in  many  instances  thej/  are  found  along  the  planes 
of  false  bedding.  The  thicknesses  are  very  variable,  in 
places  increasing  from  1  to  2  inches  up  to  10  inches  and  1 
foot ;  and  sometimes  a  seam  will  be  very  much  broken  up 
and  separated  by  a  mass  of  sandstone  which  splits  the  bed 
for  some,  distance,  but  afterwards  disappears,  permitting 
the  several  portions  to  unite  again. 

The  almost  total  absence  of  tire-clays  under  the  coal-seams 
and  the  occurrence  of  coarse  sandstone  in  many  places  di- 
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rectly  above  them  seems  to  show  that  the  coal  has  been  de- 
rived from  plants  which  may  have  grown  at  some  distance 
from  the  locality  and  been  afterwards  floated  and  caught  in 
the  falling  sediment,  forming  "drift-beds,"  although  some 
of  the  beds  which  are  underlaid  by  fire-clay  are  more  prob- 
ably derived  from  vegetation  which  grew  in  place. 

In  the  western  end  of  the  Sideling  Hill  tunnel  on  the 
(proposed)  South  Pennsylvania  Railroad,  several  beds  of 
coal,  each  about  1  foot  thick,  are  reported,  by  Mr.  F.  H. 
Lewis,  Assistant  Engineer,  to  have  been  cut  through. 

One  or  more  coal-beds  have  been  found  in  the  Pocono  at 
a  number  of  localities  in  Pennsylvania.  Prof.  Lesley  states: 
"A  spot  has  been  tested  at  Duncannon,  in  Perry  county, 
where  one  of  these  beds  seemed  promising  but  proved  worth- 
less. Another  such  spot  has  been  tried,  with  the  same  want 
of  success,  at  Mt.  Patrick,  higher  up  the  Susquehanna." 

A  No.  X  coal-bed  was  mined  to  a  limited  extent  in  Marv- 
land,  on  the  north  bank  of  the  Potomac ;  also,  in  Augusta, 
Montgomery,  Pulaski  and  Wythe  counties,  in  central  and 
south-western  Virginia. 

In  the  anthracite  coal-fields  outcrops  of  thin  coal-beds 
have  been  found  in  the  Pocono  at  a  number  of  localities. 
The  coal  ''blossoms"  which  have  been  found  for  many  years 
on  the  Nesquehoning  mountain  in  Carbon  county,  have  en- 
couraged many  persons  to  explore  for  coal-beds  having  work- 
able thickness  and  containing  coal  commercially  valuable, 
but  no  such  bed  has  ever  been  found.  Along  the  escarp- 
ment of  the  North  Mountain,  in  Luzerne,  Columbia,  and 
Lycoming  counties,  coal  outcrops  have  been  found  in  a 
number  of  localities  in  the  Pocono  Sandstone ;  these  finds 
have  been  the  basis  for  fabulous  reports  as  to  the  discovery 
of  new  and  valuable  coal-fields. 

In  Pennsylvania  the  Pocono  coal-beds  have  never  been 
found  having,  workable  dimensions  or  containing  coal  suffi- 
ciently pure  to  be  economically  mined  except  along  Tipton 
run.  On  account  of  the  exceptional  occurrence  in  this 
locality,  the  commercial  value  of  the  area  along  the  run, 
where  the  beds  have  been  opened,  cannot  be  established 
simply  by  geological  evidence,  since  all  the  known  facts 
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relating  to  the  geology  of  No.  X  would  not  warrant  a  prac- 
tical conclusion,  that  any  coal-beds  which  it  contains  might 
be  expected  to  be  persistent  in  thickness,  or  made  up  of 
coal  of  any  great  purity,  over  an  extended  area.  The 
facts,  however,  are  not  sufficient  to  warrant  an  assertion 
that  No.  X  coal-beds  cannot  be  found  having  a  persis- 
tent minaAle  thickness^  and  containing  coal  commercially 
valtiable. 

That  the  Tipton  Run  coal-beds,  as  far  as  developments 
have  been  made,  are  of  dimensions  which  will  permit  of 
their  being  economically  mined  and  that  the  coal  which  they 
contain  will  bear  a  favorable  comparison  to  the  coal  mined 
from  some  of  the  coal-beds  of  the  Lower  Productive  Coal 
Measures,  in  the  counties  west  of  the  Allegheny  mountains, 
cannot  be  denied,  as  the  facts  stated  below  will  prove.  That 
these  coal-beds  can  be  depended  upon,  being  persistent  in 
thickness,  and  quality,  over  extended  areas,  actual  explo- 
ration and  mining  can  alone  prove. 

The  geological  horizon  of  the  Tipton  Run  coal-beds  has 
been  universally  assigned  to  the  Pocono  Sandstone,  No.  X, 
by  all  the  professional  geologists  who  have  made  examina- 
tions of  this  part  of  Blair  county  for  the  past  thirty  years. 

It  has  been  recently  suggested  that  the  Tipton  Run  coal 
measures  were  the  easternmost  extension  of  the  Clearfield 
county  coal  measures,  and  that  a  fault  exists  along  the  es- 
carpment of  the  Allegheny  mountain  which  has  i)ermitted 
of  the  downthrow  of  all  the  strata  on  the  east  side  of  the 
fault,  bringing  the  Clearfield  county  coal  measure  strata 
into  the  foot  hills  along  the  face  of  the  Allegheny  mountain, 
where  the  Tipton  Run  coal-beds  are  found. 

There  are  manj^  significant  facts,  which  can  be  obtained 
by  any  geologist  on  the  ground,  which  will  easily  disprove 
any  such  hypothesis. 

The  geological  structure  all  along  the  frontier  of  the 
Allegheny  mountain  is  so  simple,  and  is  so  clearly  defined 
in  the  county  reports,  published  by  the  Survey,  that  it  is 
unnecessary,  in  this  place,  to  enter  into  any  discussion  as  to 
the  validity  of  such  an  hypothesis.  One  fact  may,  how- 
ever, be  stated,  which  of  itself  absolutely  disproces  such 
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an  hypothesis.  The  rocks  in  which  the  Tipton  Ran  coal- 
beds  are  found  all  dip  towards  the  north-west.  To  the  east, 
and  beneath  them,  occur  bold  outcrops  of  red  sandstones 
and  shales,  and  to  the  west,  and  above  them,  occur  similar 
outcrops ;  the  outcrops  in  the  first  instance  must  be  the 
Catskill  Red  Shales  and  Sandstones,  No.  IX,  and  in  the 
second  instance,  the  Mauch  Chunk  Red  Shales  and  Sand- 
stones, No.  XI,  and  the  sandstone  series  in  which  the  Tip- 
ton cot^l-beds  are  found  must  belong  to  the  Pocono  formation 
No.  X,  since  this  is  the  only  formation  in  the  Palaeozoic 
column  in  Pennsylvania  which  is  both  underlaid  and  over- 
laid by  a  red  shale  and  sandstone  formation. 

The  Pottsville  Conglomerate,  No.  XII,  the  Mauch  Chunk 
Red  Shale,  No.  XI,  the  Pocono  Sandstone,  No.  X,  the  Cats- 
kill  Red  Sandstone,  No.  IX,  with  their  immediately  under- 
lying group  of  rocks,  forming  formations  No.  VIII  and  VII, 
are  exposed  to  view  in  the  numerous  ravines  which  descend 
from  the  Allegheny  mountains  into  the  headwaters  of  the 
Juniata  river,  back  of  Tyrone  city,  Altoona,  and  Ilollidays- 
burg.  Along  these  ravines,  these  formations  have  been  re- 
peatedly measured  by  a  number  of  geologists.  Three  of 
these  sections,  which  have  been  made  out  in  great  detail, 
have  been  measured  from  the  Coal  Measures,  formation  No. 
XIII,  down  to  the  Trenton  Limestone,  formation  No.  II, 
around  Bellefonte,  and  near  by  Altoona  and  Lock  Haven. 
The  nearest  detail  section  to  Tipton  run  was  measured  by 
Mr.  R.  H.  Sanders,  and  the  results  of  his  measurements 
have  been  published  in  report  (T)  on  Blair  county. 

The  Pennsylvania  Railroad  tunnel,  through  the  crest  of 
the  Allegheny  mountains,  at  an  elevation  of  2126  above  tide, 
goes  through  the  Upper  Freeport  coal-bed,  which  at  this 
point  is  5^  feet  thick,  and  has  a  western  dip  of  1°,  the 
knobs  along  the  summit  above  the  tunnel  being  immedi- 
ately capped  by  the  Mahoning  sandstone. 

Descending  the  Allegheny  mountain  along  the  Pennsyl- 
vania Railroad  from  the  Summit  tunnel  down  to  Altoona, 
the  following  formations :  Lower  Productive  Coal  Measures, 
No.  XIII ;  Pottsville  Conglomerate,  No.  XII ;  Mauch 
Chunk  Red   Shale,  No.  XI ;  Pocono   Sandstone,  No.   X ; 
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Catskill  Red  Shale,  No.  IX ;  Chemung,  Portage  and 
Hamilton  Shales,  Sandstones  and  Slates,  No.  VIII,  are  suc- 
cessively passed  through. 

All  these  strata  have  a  dip  toward  the  north-west,  rang- 
ing from  l°at  the  Summit  tnnnel,  as  a  minimum,  to  55°  at 
Altoona,  as  a  maximum.  The  dip  at  the  base  of  the  con- 
glomerate is  10°  ;  at  the  base  of  No.  X,  in  the  center  of  the 
great  Horse  Shoe  Curve,  18°  ;  at  the  base  of  No.  IX,  32°, 
all  beinff  toward  the  north-west. 

The  thicknesses  of  these  formations,  as  measured  by  Mr. 
Sanders  along  this  line,  are  as  follows :  No.  XIII,  Lower  Pro- 
ductive Coal  Measures,  345' ;  No.  XII,  Pottsville  Conglom- 
erate, 223' ;  No.  XI,  Mauch  Chunk  Red  Shale,  283' ;  No. 
X,  Pocono  Sandstone,  1241' ;  No.  IX,  Catskill  Red  Sand- 
stone, 2560' ;  and  No.  VIII,  Chemung,  etc.,  6519'. 

The  Tipton  Run  openings  occupy  the  same  geological 
position  in  formation  No.  X  as  the  strata  which  underlie 
the  surface  of  the  ground  near  the  level  of  the  Horse  Shoe 
Curve  on  the  Pennsylvania  Railroad.  The  coal  openings 
occur  about  nine  miles,  in  an  air  line,  north  25°  east  of  the 
railroad  curve. 

The  dip  of  the  Carboniferous  and  Devonian  measures 
above  referred  to,  from  Bear  Pen  Point  on  the  top  of  the 
Allegheny  mountains,  down  Tipton  run,  past  the  coal  open- 
ings, is  toward  the  north-west,  in  the  same  direction  as  the 
dips  along  the  line  of  the  Pennsylvania  Railroad.  The  de- 
gree of  dip  is,  however,  not  quitf'  as  great  as  in  the  latter 
locality.  Along  the  top  of  the  Allegheny  mountain,  in  the 
vicinity  of  Bear  Pen  Point,  the  strata  have  about  the  same 
dip  toward  the  north-west  as  in  the  vicinity  of  the  Summit 
tunnel ;  but  the  dip  of  the  Pocono  Sandstone,  in  the  vicinity 
of  the  coal  openings,  is  only  12°;  whereas,  at  the  Horse  Shoe 
Bend,  it  averages  about  18°,  although  at  one  point,  at  the 
north  end  of  the  curve  the  No.  X  strata  have  a  dip  of  31°, 
which  dip,  however,  is  evidently  purely  local. 

No  detail  section  showing  the  individual  thicknesses  of 
the  Lower  Productive  Coal  Measures  west  of  Bear  Pen  Point 
has  been  measured. 

The  Pottsville  Conglomerate,  No.  XII,  and  Mauch  Chunk 
17 
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Red  Shale,  No.  XI,  below  Bear  Pen  Point;  the  Pocono 
Sandstone,  No.  X,  in  the  vicinity  of  the  Tipton  Run  coal 
oj^enings ;  and  Catskill  Red  Shales  and  Sandstones,  No.  IX, 
which  are  boldly  exposed  along  Tipton  run  below  the  coal 
openings,  have  not  been  separately  measured  ;  but,  the  total 
thicknesses,  of  the  individual  strata  of  each  formation, 
have  been  estimated  and  found  to  agree  with  the  thicknesses 
of  the  same  formations  as  determined  instrumentallv%  in 
detail,  by  Mr.  Sanders. 

The  summit  of  Bear  Pen  Point  is  apparently  capped  by 
the  upper  part  of  the  Pottsville  Conglomerate  ;  225'  below 
the  summit  occurs  an  outcrop  of  flaggy  sandstone,  the  in- 
dividual layers  of  which  vary  from  1"  to  2"  in  thickness. 
Immediately  below  and  in  the  vicinity  of  this  outcrop  there 
were  found  fragments  of  red  shale  in  the  soil,  and  the  out- 
crop itself  was  taken  to  represent  the  bottom  of  No.  XII. 

Mr.  William  Foster  reports  an  outcrop  of  black  limestone 
on  the  slope  of  the  mountain  below  Bear  Pen  Point.  Mr. 
C.  S.  d'lnvilliers  visited  this  limestone  and  reported  its 
thickness  as  10'  and  its  elevation  as  300'  below  the  summit 
of  the  point.  Mr.  Foster  was  unable  to  find  the  outcrop 
during  my  cursory  examination  of  the  property,  but  from 
specimens  which  I  examined,  and  from  its  position  in  the 
measures,  it  is  unquestionably  the  outcrop  of  one  of  the 
limestone  beds  so  frequently  found  in  the  upper  part  of  the 
Mauch  Chunk  Red  Shale,  No.  XI.  Bear  Pen  Point  is  a  little 
over  a  mile  (5700')  N.  60°  W.  of  the  Loup  Run  opening ; 
the  elevation  of  the  point  is  2382',  and  the  elevation  of  thq 
opening  is  1370'. 

The  relative  stratigraphical  positions  of  the  several  coal- 
beds  opened  at  the  different  openings  along  Tipton  run  is  a 
matter  of  prime  importance.  In  order  to  ascertain  the  ex- 
act relationship  of  these  beds  a  careful  geological  and  topo- 
graphical survey  in  the  vicinity  of  all  of  the  openings  would 
be  required.  I  have  determined  suflScient  facts,  however, 
which,  when  taken  in  conjunction  with  the  surveys  made 
for  the  Pennsylvania  Railroad  by  Mr.  C.  S.  d'lnvilliers,  have 
enabled  me  to  determine,  beyond  all  doubt,  the  general  re- 
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lationiihip  of   the  beds,  without  ascertaining  the  exact 
thickness  of  the  rocks  between  any  two  successive  beds. 

Ascending  the  hill,  on  the  west  side  of  Loop  run,  from  the 
Saw  Mill  dam,  the  first  prospect  coal  opening  is  found  at  an 
elevation  of  1336  feet.  At  this  opening  scattered  seatns  of 
coal  were  found  in  a  rock  interval  of  six  feet,  the  largest 
bench  of  coal  being  18  inches. 

At  the  second  opening  further  up  the  run,  but  at  the 
same  elevation  as  the  first,  a  bench  of  coal  2  feet  thick  is 
reported,  overlaid  by  an  argillaceous  sandstone,  above  which* 
the  top  coal-bench  was  found.     Neither  the  thickness  of  the 
sandstone  or  of  the  top  bench  coal  were  reported. 

At  the  third  opening,  at  about  the  same  elevation  as  the 
other  two,  3  feet  of  solid  coal  were  reported,  with  a  fire-clay 
floor. 

At  the  fourth  opening  the  elevation  is  1350  feet,  and  at 
this  j)oint  2  feet  4  inches  of  coal  were  reported.  The  latter 
bed  is  underlaid  by  a  heavy  gray  fire-clay.*  The  direction 
and  distance  of  this  fourth  opening,  from  the  mouth  of 
Loop  run,  I  did  not  determine ;  so  that,  it  is  impossible  for 
me  to  make  an  estimate  of  the  thickness  of  the  included 
strat«i.  Mr.  d' In villiers,  however,  reports  the  following  sec- 
tion : 

CoaUbed  C,  (Loop  Ran  opening,)     8'    6" 

Interval, 25' 

Coal-hed'B,       2'    4" 

Interval, 25' 

OaaUhedA^       8' 

Interval, SO' 

CbaZ-6ed,  No.  2,       1'    6" 

Interval, 20' 

Goa2.&ed,  No.  1,  (Largest  benoh,)   .  .  .' 1'    6" 

The  coal-bed  opened  at  the  Loop  Run  drift  has  been 
commonly  known  as  bed  ''C."  The  face  of  the  drift  is 
about  700  feet  from  the  mouth  of  the  gangway,  having  a 
general  direction  along  the  strike  of  the  bed  of  north  16° 

*  These  facta  were  reported  to  me  by  Mr.  Titus  S.  Emery,  President,  Mr.  C. 
B.  Finley,  Mining  Engineer,  T.  R.  C.  Co.,  and  Mr.  Wil.iam  Foster,  who  sup- 
erintended the  explorations  on  the  ground.  The  depth  below  the  surfaoe  of 
the  groand  at  which  coal  was  foand  at  each  point  was  not  reported. 
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east.      The  position  of  the  drift  is  shown  on  the  accom- 
panying map  and  the  plate  on  page  260. 

A  cross-heading  has  been  driven  to  the  right  of  the  gang- 
way for  a  distance  of  about  250  feet,  and  in  a  general  direc- 
tion of  north  60**  east.  The  dip  of  the  bed  was  measured 
at  several  points  in  the  opening  and  found  to  be  12®  north 
75®  west.    The  section  of  the  bed  measured  as  follows : 

» 

ArgilUoeous  slate,  aLightlyferraginoiiHi —  — 

Top  eoa2  benoh, 2'  7" 

SUte, 2" 

Bottom  eoal  benoh 1'  1" 

Fire-clay  floor, —  — 

The  slate  between  the  two  coal  benches  contains  con- 
siderable sulphur. 

At  the  face  of  the  main  gangway  the  following  section 
was  measured: 

Slate  roof, —  — 

Top  eoal  benoh, 2'  4" 

Slate, 2" 

Bottom  eoal  benoh, 1' 

Fire-clay  floor, —  — 

When  this  drift  was  visited,  August  27,  1885,  it  had 
stopped  at  a  fault,  the  direction  of  which  was  south  60° 
east  and  north  50°  west. 

At  a  i>oint  30  feet  vertically  below  the  bottom  of  the  Loop 
Run  opening,  a  drift  has  been  driven  into  the  face  of  what 
is  probably  the  representative  of  bed  B  in  the  section  just 
referred  to.  Near  the  mouth  of  the  drift  a  section  was 
measured,  as  follows : 

SUte, 2' 

Top  eoal  benoh, 2' 

SUte, 1" 

Bottom  eoal  bench, 1'    1'' 

Hard,  sandy  flreHslay  floor. 

As  far  as  this  bed  has  been  tested  it  varies  much  in  thick- 
ness, but  no  rock  fault  has  been  found. 

On  the  west  bank  of  Tipton  run,  north  of  Loop  Run  open- 
ing, a  tunnel  has  been  driven  in  a  direction  north  87°  15' 
west,  for  a  distance  of  about  350  feet.  Up  to  August,  1885, 
this  tunnel  had  cut  two  beds  of  coal. 
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In  the  second  bed  struck  in  the  tunnel,  at  a  distance  of 
about  250  feet  from  the  mouth  of  the  tunnel,  a  gangway  was 
driven  to  the  south  for  a  distance  of  about  100  feet.  This 
coal-bed  dips  12®  in  a  direction  north  75°  west.  On  account 
of  the  thickness  of  this  bed  and  the  general  appearance  of 
the  coal,  it  had  been  considered,  by  those  who  had  made 
examinations  of  the  tunnel,  prior  to  my  examination  in  Au- 

■  _  _ 

gust,  1885,  identical  with  the  bed  opened  in  the  Loop  Run 
drift. 

I  have  determined,  that  between  the  second  bed  opened 
in  the  tunnel  and  between  the  bed  opened  in  Loop  Run 
drift,  there  are  at  least  300  feet  of  strata.  This  is  clearly 
demonstrated  by  the  geometrical  construction  on  the  accom- 
panying plate  page  260.  The  degree  and  direction  of  dip 
at  the  drift  and  at  the  tunnel  are  the  same,  so  that  it  is  rea- 
sonable to  suppose  that  there  is  no  change  of  dip  between 
these  two  points.  The  actual  strike  of  the  coal-bed  between 
the  drift  and  tunnel  would  be  represented  by  line  AB,  the 
dip  of  12°  being  represented  by  the  angle  CBD ;  the  line 
CD  being  drawn  perpendicular  to  the  line  BD,  and  which 
scales  300  feet,  represents  the  distance  which  the  coal- 
bed  opened  in  the  Loop  Run  opening  would  be  underneath 
the  second  bed  struck  in  the  tunnel,  the  distance  of  300  feet 
being  along  a  line  perpendicular  to  the  dip  of  the  strata. 

On  the  map  obtained  from  the  Summit  Coal  Company, 
the  strike  of  the  coal-bed  is  represented  by  a  line  parallel 
to  the  line  AB',  which  has  a  direction  north  55°  east,  and 
the  outcrop  of  the  coal  between  the  drift  and  the  tunnel  is 
represented  by  the  dotted  line  on  the  accompanying  page 
plate.  These  two  statements  are  conflicting,  sinc(5  if  the 
strike  of  the  beds  is  as  represented,  the  bed  opened  in  the 
Loop  Run  drift  would  be  at  least  478  feet  below  the  second 
bed  struck  in  the  tunnel,  as  represented  by  line  CD'  on  the 
accompanying  illustration. 

The  bed  opened  in  the  Gates  drift,  on  the  east  bank  of 
Tipton  run  north  of  the  tunnel,  is  probably  the  same  as  the 
second  bed  struck  in  the  tunnel.  A  section  of  this  bed  at 
the  face  of  the  drift,  in  August,  1885,  was  as  follows : 
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Top  eoal  bench, 2'    d" 

Bony  (late,            . 1" 

Bottom  eoal  benoix,     1'    8" 

Fire-olay  floor. 

This  bed  had  a  dip  at  the  face  of  the  drift  of  27°  in  a 
direction  south  60°  west.  This  dip  is  unquestionably  ab- 
normal and  purely  local. 

North  of  the  Grates  drift  several  coal-beds  have  been  open- 
ed, the  positions  of  three  of  which  are  shown  on  the  map 
accompanying  this  report. 

Tlie  coal  at  the  first  opening,  immediately  north  of  the 
drift,  is  reported  2  feet  thick.  Between  this  bed  and  the 
Gates  drift  bed  there  is  about  26  feet  of  strata. 

At  the  second  opening,  the  bed  has  been  reported  2  feet  8 
inches  thick,  and  at  tlie  third  opening,  3  feet  thick.  The 
thickness  of  strata  between  the  first  and  second  openings  is 
probably  40  feet,  and  between  the  second  and  third,  45  feet. 

A  little  over  a  quarter  of  a  mile  north  of  the  Gates  drift, 
according  to  the  map  constructed  by  Mr.  C.  S.  d'Invilliers, 
two  beds  have  been  opened  by  drifts  on  the  east  side  of 
Tipton  run.  According  to  Mr.  Titus  S.  Emery,  President 
of  the  Tipton  Run  Coal  Company,  one  of  these  drifts  is 
the  old  Kramer  and  Hart,  Laurel  Run  coal  bank.  This 
opening  was  examined  by  Mr.  Franklin  Piatt,  in  1879,  and 
reported  on  as  follows :  * 

'*The  coal-bed  is  thirty  inches  thick,  with  six  inches  of 
bone  coal,  the  entire  three  feet  being  mined. 

''  The  roof  consists  of  10  feet  of  black  and  gray  slates, 
very  loose,  rendering  extensive  timbering  necessary  in  the 
mine. 

"The  floor  is  six  to  twelve  inches  of  fire-clay,  which  prob- 
ably rests  on  sandstone,  though  the  latter  was  not  seen. 

"Five  hundred  feet  south  of  the  coal  mine  there  is  a  coal 
outcrop  at  the  water's  edge,  fully  15  feet  below  the  level  of 
the  mine.  There  formerly  was  a  mine  on  this  second  out- 
crop, but  the  common  report  is  that  the  miners  struck  a 
wall  of  rock.  There  mav  be  a  small  downthrow  in  the 
measures  on  the  mountain  face  at  this  point,  but  it  is  more 

*  Report  T,  page  25. 
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probably  an  irregularity  in  the  coal  deposit,  and  the  two 
outcrops  may  really  belong  to  one  coal-bed. 

*'  Such  irregularities  are  constantly  found  in  the  small  and. 
treacherous  coals  of  the  Pocono  formation.  At  the  Kramer 
&  Hart  mine  the  opening  is  about  8  feet  above  the  run,  but 
on  ti*acing  the  bed  along  the  outcrop,  the  coal  shows  only 
a  few  inches  in  thickness  when  it  reaches  the  run  level,  and 
this  small  coal  streak  is  underlaid  and  overlaid  by  slates  of 
the  same  kind  as  are  seen  in  the  roof  of  the  mine.  The 
distance  is  short,  the  outcrop  visible  the  entire  distance, 
and  yet  the  coal-bed  has  been  almost  entirely  replaced  by 
slates. 

'•The  character  of  the  coal  is  bituminous.  A  specimen 
of  it  from  the  Kramer  &  Hart  mine  was  analyzed  by  Mr. 
McCreatii,  who  reports  the  results  thus : 

"Bituminous  coal,  with  a  bright  shining  luster,  somewhat 
Coated  witli  silt,  and  containing  considerable  iron  pyrites. 

Water  at  2250,      700 

VolatUe  matter, 26.790 

Fixed  carbon, 66.878 

Sulphur, 802 

Ash, 4.880 

100.000 
Coke  per  oent., 72. 610 

''The  coal  forms  a  coherent  coke  with  a  silvery  luster,  and 
yields  a  gray  ash  with  a  red  tinge. 

"The  fuel  ratio  is,  volatile  hydrocarbon  to  fixed  carbon 
as  1 :  2.496. 

^^ Pocono  {Vespertine)  coaZ  has  not  been  opened  at  any 
other  place  along  the  mountain  face  in  Blair  county.  As 
no  coal-bed  of  'workable  size  has  ever  been  seen  in  this  for- 
mation in  any  part  of  Pennsylvania,  although  (as  at  Dun- 
cannon,  on  the  Susquehanna  River,)  thin  coal-beds  do  exist 
in  it,  it  is  not  expected  that  the  ravines  of  the  Allegheny 
mountain  will  ever  be  valuable  in  this  respect." 

On  March  8,  1886,  Mr.  Emery  sent  me,  at  my  request,  a 
sample  of  the  coal,  which,  according  to  his  letter,  was 
''taken  from  the  left-hand  heading  in  the  tunnel  on  Tipton 
run,  about  80  yards  in  from  the  turnout  from  the  main 
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heading,  that  turnout  being  92  yards  from  the  mouth  of 
the  tunnel." 

This  coal  has  been  analj'zed  by  Mr.  McCreath,  with  the 
following  results : 

Water  at  2120  F. 684 

YolatUe  matter 29.426 

Fixed  carbon, 68.041 

Sulphur, 8.169 

Aab, 8.790 

100.000 

Fuel  ratio, 69.99 

Color  of  aab, pinkish  gray. 

Mr.  McCreath,  in  commenting  on  the  character  of  this 
coal  says : — ''The  sulphur  exists  for  the  most  part  as  iron 
pyrites,  in  thin  partings  throughout  the  coal.  Duplicate 
tests  show  3.154  and  3.164  per  cent,  of  sulphur — with  an 
avei-age  as  above." 

The  commercial  value  of  the  Tipton  Run  coal-beds  will 
depend;  first,  upon  the  persistency  of  their  thickness; 
second,  upon  the  quality  of  the  coal  which  they  will  be 
found  to  contain.  These  two  facts  will  have  to  be  deter- 
mined (1)  by  actual  mining  and  (2)  by  the  value  of  the  coal 
as  a  fuel  determined  by  pracfical  tests. 

As  to  the  first  question ;  it  has  been  ascertained,  in  the 
Loop  Run  drift,  that  the  bed  maintains  a  workable  thick- 
ness l)etween  3J  feet  and  4  feet  thick  for  a  distance  along 
the  main  gangway,  or  the  strike  of  the  coal-bed,  for  over 
700  feet,  and  for  a  distance  up  the  dip  of  the  coal-bed,  to 
the  left  of  the  main  gangway,  for  250  feet.  The  upper  bed, 
which  has  been  opened  in  the  tunnel  and  the  Gates  drift, 
has  been  tested  as  to  persistency  of  thickness  to  about  the 
same  extent  as  the  bed  in  the  Loop  Run  opening. 

As  to  the  character  and  quality  of  the  coal  from  two  of 
the  beds,  the  composition  of  selected  samples  is  shown  by 
the  two  analyses  already  given. 

In  order  to  ascertain  the  fuel  value  of  the  coal,  mined 
from  the  Loop  Run  drift,  several  tons  were  shipped  to  the 
Pennsylvania  Railroad  Company,  and  practical  tests  made. 
By  the  courtesy  of  Mr.  J.  N.  Dubarry,  Third  Vice-President 
of  the  Pennsylvania  Railroad  Company,  I  am  permitted  to 
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quote  from  the  reports  made  in  April  and  June,  1883,  to  Mr. 
Theodore  N.  Ely,  General  Superintendent  of  Motive  Power, 
by  Mr.  John  W.  Cloud  and  Mr.  Samuel  Porcher : 

Extract  from  April  report, 

"  We  have  tried  the  car  load  of  coal  sent  by  Mr.  Titus 
Emery,  from  mines  about  four  (4)  miles  back  of  Tipton 
Station.  Enclosed  please  find  a  report  of  the  trial,  made 
out  by  Mr.  Samuel  Porcher,  who  followed  up  the  trial. 

**A8  the  coal  did  very  well  on  the  Eastern  Slope,  I  think 
it  would  be  advisable  to  order  two  (2)  car  loads  more,  one 
to  be  tried  on  through  runs,  and  one  for  use  on  the  engines 
aronnd  the  yard. 

"One  car  load  of  this  coal  was  used  up  on  the  two  en- 
gines— Class  'I'  engines,  411  and  571,  Pittsburgh  Divi- 
sion— which  are  the  Eastern  Slope  helpers.  'After  one  trip 
each,  both  engines  were  laid  up  four  days,  and  put  in 
first-class  order,  flues  cleaned,  new  arches  put  in,  etc.,  so 
that  throughout  the  greater  part  of  the  trial  everything 
was  favorable  for  the  coal.  Under  these  circumstances 
the  engines  steamed  excellently.  On  one  occasion  the 
pressure  on  engine  411  fell  tb  110  pounds,  the  only  time 
the  gauge  of  either  engine  registered  less  than  118- pounds. 
The  coal  burnt  freely,  but  was  fine  and  quite  light,  and  did 
not  coke  well,  thus  making  it  very  difficult  to  build  up  a 
fire  that  had  gotten  into  a  bad  condition.  This  was  the  cause 
of  the  fall  of  pressure  on  engine  411,  but  even  then  the  loss 
was  not  continual  and  entirely  beyond  control. 

"The  coal  seemed  remarkably  free  from  clinker,  but 
formed  a  large  amount  of  dark  colored  ashes  and  cinders. 
The  smoke  boxes  did  not  collect  a  larger  amount  of  '  sparks' 
than  usual.  It  is  harder  and  not  so  fine  as  the  coal  from 
the  Great  Bend  mine  on  the  Bell's  Grap  Railroad.  It  also 
appears  to  make  a  less  heavy  black  smoke  than  the  ordina- 
rily furnished  coal,  because  it  probably  contains  a  smaller 
per  cent,  of  bituminous  matter.  During  the  trial  the 
weather  was  dry  and  snow  on  the  ground. 

"About  six  wheel-barrow  loads  of  this  coal  were  used  in 
the  blacksmith's  shop  on  tw^o  heavy  fires,  (welding  pedestal 


Ashburner.']         tipton  run  coal-beds.  267 

legs  to  frames  and  shaping  draw-heads).  As  taken  from  the 
car,  between  60  per  cent,  and  76  per  cent,  of  the  coal  passed 
througli  the  screen.  The  men  using  it  said  it  was  clean  and 
freer  from  clinker  than  they  usually  got ;  that  it  would 
make  a  hollow  lire,  and  that  they  could  use  it  for  this  work, 
but  it  was  somewhat  light ;  that  is,  was  blown  away  by  the 
draught,  and  did  not  make  very  solid  coke,  upon  the  for- 
mation of  which  they  depended.  They  did  not  find  in  it  a 
larger  quantity  of  sulphur  than  usual.  Taking  this  coal 
both  on  the  engines  and  in  the  smith-shop,  it  gave  fair  re- 
sults. 

Extract  from  June  report 

"We  have  just  finished  a  trial  of  two  car  loads  of  coal 
from  near  Tipton,  Emery's  mines ;  one  car  load  on  Class 
'I'  engine,  No.  152,  running  between  Altoona  and  Derry, 
and  the  other  under  the  four  low-pressure  boilers  in 
machine-shop  yard. 

"  On  engine  No.  152  the  coal  made  a  good  deal  of  ash, 
but  fire  was  free  from  large  clinkers  ;  steam  averaged  120 
pounds  pressure.  As  the  coal  is  very  light  it  makes  a  fire 
that  is  hard  to  keep  solid,  and  is  apt  to  work  into  holes 
when  the  engine  is  working  hard.  Tlie  engine  consumed 
rather  more  of  this  coal  per  trip  than  of  the  coal  ordinarily 
used. 

"Under  the  shop-boilers  the  coal  burned  well  when  fires 
were  first  started,  but  toward  evening  the  fires  got  very 
dirty  and  did  not  do  so  well. 

"  We  think,  however,  that  we  could  use  some  of  this  coal, 
if  the  mines  aresufficientlv  developed  to  furnish  it  to  us  at 
competing  prices." 

I  understand  that  the  coal,  of  which  the  above  tests  were 
made,  was  mined  from  the  Loop  Run  drift ;  no  analysis  of 
the  coal-bed  worked  in  this  drift  has  been  reported. 

A  number  of  analyses*  were  made,  by  Mr.  McCreath,  of 
specimens  of  Pocono  coal  taken  from  the  opening  on  Cove 
mountain,  near  Duncannon,  Perry  county,  and  from  the 

*  Report  MM,  page  100. 
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beds  cut  by  the  Sideling  Hill  tunnel,  on  the  East  Broad  Top 
Railroad,  to  both  of  which  localities  reference  has  already 
been  made.  These  analyses  show  so  much  ash,  ranging 
from  14.39  per  cent,  in  bed  No.  10  of  the  Sideling  Hill  sec- 
tion (see  page  252)  to  39.44  per  cent,  in  one  of  the  speci- 
mens from  Cove  mountain,  that  if  the  coal-beds  in  these 
two  localities  were  thick  enough,  which  they  are  not,  to  be 
economically  mined,  the  coal  would  be  too  impure  to  be 
economically  burned. 

Numerous  analyses*  of  Pocono  coal,  from  the  Virginia 
counties  already  mentioned,  show  the  fixed  carbon  ranging 
from  49  to  76  per  cent.,  the  volatile  matter  from  9  to  13  per 
cent.,  the  ash  from  12  to  40  per  cent.,  and  the  sulphur  from 
.6  to  1.5  per  cent.  These  fact  are  merely  stated  for  com- 
parison. 

From  explorations  so  far  made,  the  purest  coal,  found  in 
the  Pocono  Sandstone  No.  X,  is  that  taken  from  the  Tip- 
ton Run  openings. 

•Mineral  Wealth  of  Virginia,  page  180. 
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Chapter  I. 

Oeneral  Description  of  the  Anthracite  Coal-fields. 

1.  Introduction. 

The  First  Report  of  Progress  of  the  Survey  in  the  Anthra- 
cite District  was  made  November  1,  1883,  and  included  a 
general  outline  of  the  plan  which  had  been  adopted  for  car- 
rying on  the  survey  in  the  coal-basins,  with  a  summary 
statement  of  the  results  of  the  Survey  from  the  date  of  the 
commencement  of  the  work  in  August,  1880,  to  November, 
1883. 

The  only  portion  of  the  field,  in  which  the  work  of  the 
Survey  had  been  completed  up  to  that  time,  was  that  em- 
braced within  the  Panther  Creek  valley,  forming  the  eastern 
end  of  the  Pottsville  or  Southern-  Coal-field,  and  lying  be- 
tween Mauch  Chunk  on  the  Lehigh  river,  and  Tamaqua  on 
the  east  branch  of  the  Schuylkill  river.  The  Survey  sheets 
relating  to  this  coal-basin  have  been  published  in  the  atlas 
of  the  Southern  Anthracite  Field,  Vol.  I ;  the  First  Report 
of  Progress  is  largely  descriptive  of  the  geology  and  mining 
features  of  the  area  to  which  these  atlas  sheets  relate. 

The  general  plan  for  carry ing  on  the  survey  of  the  anthra- 
cite region,  which  has  been  referred  to  in  that  report,  has 
met  with  the  favor  of  the  prominent  mining  engineers 
throughout  the  region ;  and,  after  a  test  of  five  years,  has 

KoTB.— The  principal  icoalities  referred  to  in  this  report  are  indicated  on 
the  page  map  accompanying  the  Anthracite  Report  as  page  plate  I. 

*Pan  I  of  thia  report  was  publiahed  in  Jane»  1884,  and  oon tains  the  Statis- 
tics of  Prodaotion  and  Shipment  of  Coal  ttom.  the  Anthracite  Region  for  1888 
and  1884 ;  It  is  accompanied  by  a  general  map  of  the  coal-fie'.ds. 
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been  found  to  be  amply  sufficient  to  meet  all  the  practical 
requirements  which  could  reasonably  be  made  of  a  State 
Survey.  Although  the  general  plan  of  survey  has  not  been 
changed,  yet  increasing  demands  made  by  the  owners  and 
operators  of  coal  lands,  for  immediate  results  in  special 
areas,  together  with  diminished  annual  appropriations  on 
the  part  of  the  State  for  continuing  the  Geological  Survey, 
have  made  it  necessary  to  modify  some  of  the  details  con- 
nected with  the  practical  execution  of  that  plan. 

At  the  time  of  the  publication  of  the  First  Report,  it  was 
expected  that  the  future  reports  would  be  published  simul- 
taneously with  the  Survey  atlases,  containing  maps  and  sec- 
tions relating  to  definite  areas,  and  that  the  reports  would 
severally  be  specially  descriptive  of  the  respective  areas  to 
which  the  individual  atlas  sheets  referred.  (See  the  first 
report,  page  6.) 

The  greatest  practical  demand,  in  the  region,  has  been  for 
the  publication  of  accurate  maps  and  sections,  which  should 
contain  in  a  graphical  form  the  conclusions  relating  to  the 
structural  geology  of  the  coal-basins  and  the  extent  of  min- 
ing, arrived  at  by  the  Survey ;  little  interest  being  mani- 
fested, by  practical  men,  in  the  publication  of  the  text  of 
the  reports,  other  than  as  it  might  be  needed  to  supplement 
the  atlas  sheets,  by  such. explanations  as  might  make  the 
information  contained  on   the  sheets  better  understood. 

Recognizing  the  importance  of  satisfying  these  public 
wants,  the  time  of  the  different  members  of  the  Survey 
corps  has  been  almost  exclusively  occupied  by  the  field 
surveys,  both  on  the  surface  and  underground,  and  in  ad- 
dition only  in  such  office  work  as  was  required  for  the  pub- 
lication of  the  maps  and  sections  based  on  these  surveys. 
This  fact,  together  with  a  reduction  in  the  size  of  the  corps, 
required  by  smaller  appropriations,  has  not  permitted  suffi- 
cient time  for  the  preparation  of  reports  descriptive  of  the 
sheets  contained  in  the  three  atlases  (Atlas,  Northern  An- 
thracite Field,  Part  I ;  Atlas,  Eastern  Middle  Anthracite 
Fields  Part  I;  Atlas,  Western  Middle  Anthracite  Field, 
Part  1.)  which  have  been  published  since  the  Fii-st  Report 
of  Progress  and  its  accompanying  atlas. 
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The  policy,  which  has  been  adopted,  of  making  the  survey 
in  the  anthracite  regions  as  thorough  and  as  complete  as  it 
is  possible,  for  any  governmental  survey  to  make  it,  consis- 
tent with  a  proper  appreciation  of  the  practical  wants  and 
of  public  economy,  has  unquestionably  been  a  wise  one. 

The  publication  of  reports,  accompanied  by  maps,  descrip- 
tive  of  the  general  geology  of  the  region,  similar  to  those 
which  have  been  published  in  the  distinctive  agricultural 
and  mountain  districts  of  the  State,  where  such  reports 
have  proved  of  great  practical  value,  would  be  of  much  less 
worth  to  those  citizens  of  the  State  having  either  individual 
or  corporate  interests  connected  with  the  mining  of  anthra- 
cite. Any  geological  work  carried  on  in  the  anthracite  re- 
gion by  the  State,  which  should  fail  to  give  these  citizens 
facts  and  information,  that  would  aid  them  in  the  mining 
development  of  the  coal-basins  would  be  practically  useless. 

The  extent  of  the  State  biennial  appropriations,  which 
are  placed  at  the  disposal  of  the  Board  of  Commissioners, 
determines  the  extent  of  the  work  to  be  accomplished  in 
the  anthracite  and  other  mining  districts  of  the  State,  and 
not  the  character  or  thoroughness  of  the  results. 

In  the  early  part  of  this  year  a  map  was  prepared,  show- 
ing the  progress  of  the  survey  of  the  anthracite  coal-fields, 
and  upon  it  was  outlined  the  areas  where  the  surveys,  essen- 
tial for  the  accurate  mapping  of  the  geology  of  the  respec- 
tive districts,  had  been  completed  up  to  December,  1884. 
Since  the  preparation  of  this  map,  all  the  sheets  which  had 
been  prepared  by  the  Survey  corps,  relating  to  the  special 
areas  designated,  have  been  published  in  four  separate  oc- 
tavo atlases,  already  enumerated,  so  that  the  map  repre- 
sents the  progress  of  the  completed  surveys  and  publica- 
lions  up  to  the  close  of  the  present  year  (1886). 

The  corps  engaged  in  field  work,  during  the  past  year,  has 
been  only  one  half  in  numbers  of  the  corps  engaged  in 
similar  work  during  the  two  previous  years.  The  surveys 
have  been  very  much  extended  beyond  the  limits  of  the 
areas  outlined  on  the  accompanying  map,  and  the  notes  of 
these  surveys  are  now  being  plotted,  so  that  additional 
sheets  will  soon  be  ready  for  publication. 
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The  progress  of  the  work  in  the  individual  coal-fields  is 
referred  to  in  more  detail  further  on.  While  later  refer- 
ence is  made  in  this  report  to  the  four  prominent  sub-divi- 
sions of  the  region,  the  report  is  especially  descriptive  of 
that  portion  of  tlie  Northern  Coal-field  embraced  by  the  six 
mine  sheets  outlined  on  the  accompanying  map ;  and,  in 
addition,  to  a  small  area  locally  known  as  the  Bemice  coal- 
basin  in  the  Loyalsock  soft-anthracite  field,  which  extends 
through  portions  of  Sullivan  and  Wyoming  counties. 

The  question  has  frequently  been  asked,  in  the  anthracite 
region,  how  long  will  it  take  to  complete  the  survey  of  that 
special  district  ?  The  Survey  management  is  as  little  pre- 
pared to  give  a  practical  or  definite  reply  to  this  inquiry  as 
any  person  in  the  region  who  is  familiar  with  its  geology 
and  the  extent  of  its  mining  operations.  As  the  work  of 
the  Survey  has  progressed,  and  persons  became  more  familiar 
with  the  character  of  the  results  attained,  greater  demands 
have  been  made  upon  the  Survey  corps  for  more  detail 
work,  either  in  areas  which  have  not  as  yet  been  touched, 
or  in  areas  where  the  surveys  have  been  finished  and  sheets 
printed,  but  where  a  subsequent  extension  of  the  mining 
operations  makes  it  desirable  that  the  surveys  should  be 
extended,  in  order  to  take  advantage  of  new  and  important 
facts  which  have  been  obtained  relating  to  the  geology  of 
the  coal-beds,  in  the  new  territory.  So  long  as  Pennsylvania 
keeps  on  producing  annually  over  30,(X)0  tons  of  anthracite 
coal,  which,  if  all  gotton  out  of  one  ten-foot  coal-bed  in  a 
horizontal  position,  would  exhaust  over  two  and  one  third 
square  miles  of  new  mining  territory  every  year,  there  will 
bean  increased  demand  for  practical  geological  surveys. 

This  statement  not  only  applies  to  the  anthracite  coal- 
fields, but  to  all  districts  of  the  State  where  mining  opera- 
tions are  being  actively  prosecuted.  It  is  specially  appli- 
cable, however,  to  the  anthracite  region,  since  its  coal-beds 
lie  in  all  positions  from  a  horizontal  to  a  vertical  one,  and 
its  geology  is  more  complex,  probably  than  that  of  any 
mining  district,  in  the  sedimentary  strata  of  the  United 
States. 

The  practical  value  of  geological  exploration,  as  an  aid 
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to  the  most  judicious  and  economical  development  of  the 
coal-beds  of  the  bituminous  region,  is  of  the  greatest  im- 
portance, but  the  geology  in  the  bituminous  coal-fields  is 
easily  understood  in  comparison  to  that  in  the  anthracite 
region.  In  the  former  fields  the  coal-beds  are  generally  hori- 
zontal, and  when  they  dip  are  found  to  lie  at  angles  seldom 
exceeding  4  or  5  degrees ;  the  strata  in  such  cases  being 
thrown  into  gentle  rolls,  by  broad  and  comparatively  flat 
anticlinals  and  synclinals. 

A  glance  at  the  accompanying  map  of  progress  shows  the 
completion  of  the  mapping  of  definite  portions  of  each  of 
the  prominent  anthracite  fields. 

In  prosecuting  the  field  operations,  the  original  plan  was 
to  organize  one  field  corps  and  commence  the  survey  in  the 
region  where  the  greatest  mining  development  had  been 
attained,  and  to  push  the  work  progressively  from  this 
locality  into  the  other  coal-basins.  The  advantages  which 
would  have  resulted  from  this  plan  would  have  been  many  ; 
prominent  among  them,  the  economy  consequent  upon  the 
employment  of  fewer  geological  experts  and  a  greater  num- 
ber of  assistants,  occupying  subordinate  positions,  under  one 
expert  field  direction.  In  pursuance  of  this  plan  work  was 
commenced  in  1881  in  the  eastern  end  of  the  Southern  Coal- 
field. As  the  field  work  progressed  here,  however,  and  per- 
sons in  other  districts,  becoming  cognizant  of  the  advantages 
that  would  ensue  from  it,  made  demands  for  work  elsewhere. 
These  demands  were  so  urgent  that  it  became  advisable  that 
the  work  should  not  be  temporarily  confined  to  any  one 
locality,  but  that  the  survey  of  the  different  prominent 
fields  should  be  commenced  and  earned  on  simultaneously. 
This  made  it  necessary  for  the  corps  to  be  broken  up  into 
several  parties,  placed  in  widely  separated  localities ;  the 
employment  of  an  expert  to  direct  each  party  naturally  in- 
creased the  expense  of  +he  work. 

At  the  time  of  the  publication  of  the  last  report,  in  the 
winter  of  1883,  four  separate  corps  were  at  work  in  different 
sections  of  the  region,  under  the  personal  direction  of  the 
geologist-in-eharge  ;  the  first  with  Pottsville  as  head-quar- 
ters, the  second  with  Hazleton  as  head-quarters,  the  third 
18 
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with  Wilkes  Barre  as  headquarters,  and  the  fourth,  a 
movable  corps,  which  was  sent  to  different  sections  of  the 
region  as  the  necessities  of  the  work  required.  In  conse- 
quence of  this  modified  plan,  the  mapping  of  definite  areas 
in  each  one  of  the  four  prominent  fields  has  been  com- 
pleted ;  so  that  persons  practically  connected  with  the  min- 
ing of  anthracite,  anywhere  :n  the  region,  should,  by  this 
time,  have  become  familiar  with  the  character  of  the  work 
which  has  been  done,  and  be  able  to  judge  of  its  utility  as 
a  means  for  the  more  economical  development  of  the  coal- 
beds. 

If  the  survey,  in  all  of  the  coal-basins  of  the  region,  shall 
be  brought  up  to  the  same  state  of  completeness  as  that,  in 
the  Panther  Creek  district,  to  which  Atlas  Southern  An- 
thracite Field,  Vol.  I,  especially  relates,  it  will  probably  de- 
mand as  much  time,  in  the  future  with  the  same  corps  at 
work  as  has  already  been  required.  If,  the  work  is  of 
such  practical  utility  as  is  claimed  for  it  by  many  practical 
men,  it  is  a  question  which  rests  solely  with  the  residents 
of  the  region,  whether  appropriations  shall  be  made  to  per- 
mit of  its  continuance.  The  legitimate  work  of  the  Survey 
organization  is  to  carry  on  the  work  in  accordance  with 
legislative  acts,  and  not  to  see  that  suflBcient  appropriations 
are  obtained.  All  that  the  Survey  can  be  called  upon  to  do. 
is  to  submit  plans  and  estimates  to  the  Legislature,  and 
those  citizens  in  the  State,  who  are  practically  interested  in 
the  continuance  of  the  work,  should  take  such  action  as  to 
insure  the  granting  of  necessary  appropriations.  This  ap- 
plies not  only  to  the  work  in  the  anthracite  region,  but  to 
that  in  all  other  districts  of  the  State. 

A  complete  general  description  of  the  anthracite  region, 
geographical,  historical,  topographical,  and  geological,  must 
necessarily  be  delayed  until  tlie  survey  of  all  the  coal-fields 
has  progressed  sufficiently  far,  to  permit  of  a  description 
being  made  equally  thorough  for  all  districts.  Such  a  rep- 
resentation will  be  embodied  in  a  general  report,  of  all  the 
coal-basins,  which  it  is  proposed  to  publish  after  atlas  sheets, 
similar  to  those  already  issued,  shall  have  been  constructed 
for  all  portions  of  the  region.     The  general  features  of  this 
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section  of  the  State  are  so  little  understood,  even  by  many 
mining  engineers  and  geologists  in  the  State,  who  have  no 
special  connection  with  or  knowledge  of  the  mining  or 
geology  of  anthracite,  that  it  seems  desirable  that  a  brief 
account  of  the  region  should  be  published,  in  this  report  of 
progress,  in  order  to  permit  of  a  clearer  understanding  of 
the  detail  reports,  relating  to  special  areas,  which  will  be 
published  from  time  to  time,  with  the  several  parts  of  the 
atlases. 

^.  Geography. 

The  anthracite  region  is  situated  in  the  north-eastern  part 
of  Pennsylvania,  between  the  Washington  meridian  and 
that  1°  10' east  and  the  north  parallels  of  40°  26' and  41°  40'. 

It  is  divided  into  the  following  prominent  divisions :  (1) 
Southern  or  Pottsville  field,  extending  from  the  Lehigh 
river  at  Mauch  Chunk,  south-west  to  within  a  few  miles  of 
the  Susquehanna  river,  directly  north  of  Harrisburg,  and 
embraced  by  Carbon,  Schuylkill,  and  Dauphin  counties. 
The  eastern  end  of  this  field,  known  as  the  Lower  Lehigh 
or  Panther  Creek  basin,  between  Tamaqua  on  the  Little 
Schuylkill  river  and  Mauch  Chunk,  has  generally  been  in- 
cluded by  the  coal  trade  in  the  Lehigh  field,  from  the  fact 
that  its  coals  resemble  more  closely  the  coals  obtained  in  the 
Upper  Lehigh  region  than  those  in  the  Pottsville  field  west 
of  Tamaqua,  and  since  the  shipments  from  it  to  market 
have  been  largely  made  through  the  Lehigh  valley.  (2) 
Western  Middle  or  Mahanoy  and  Shamokin  field,  lying  be- 
tween the  eastern-most  head-waters  of  the  Little  Schuylkill 
river  and  the  Susquehanna  river,  and  within  Schuylkill, 
Columbia,  and  Northumberland  connties.  These  two  coal 
fields  (1  and  2)  are  frequently  designated  in  a  general  way 
as  the  Schuylkill  region,  although  parts  of  them  are  better 
known  to  the  trade  by  names  defining  districts  from  which 
coals  of  special  characteristics  are  mined.  (3)  Eastern  Mid- 
dle, or  Upper  Lehigh  field,  lying  between  the  Lehigh  river 
and  Catawissa  creek  and  principally  in  Luzerne  county, 
with  limited  areas  extending  into  Carbon,  Schuylkill,  and 
Columbia  counties.     (4)  Northern,  or  Wyoming  and  Lacka- 
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wanna  field,  lies  in  the  two  valleys  from  which  it  derives  its 
geographical  names,  and  is  embraced  almost  entirely  by 
Lnzerne  and  Lackawanna  counties.  A  small  area  in  the 
extreme  north-eastern  end  of  the  field  extends  into  Wayne 
and  Susquehanna  counties.  (6)  Loyalsock  and  Mehoopany 
field,*  lies  within  the  area  drained  by  the  head-waters  of 
the  Loyalsock  and  Mehoopany  creeks,  and  is  contained  in 
Sullivan  and  Wyoming  counties.  This  field  is  from  twenty 
to  twenty-five  miles  north-west  of  the  western  end  of  the 
Northern  field.  Its  geological  structure  resembles  more 
closely  that  of  the  bituminous  field,  in  which  it  has  until 
recently  been  included,  although  the  composition  of  many 
of  its  coals  entitles  them  to  rank  with  a  number  from  the 
anthracite  region. 

The  following  table  shows  the  present  relative  importance 
of  the  different  counties,  of  the  anthracite  region,  to  the  coal 
trade,  by  giving  the  number  of  tons,  and  percentage  of  coal, 
produced  in  each  county  for  the  years  1883  and  1884. 


1888. 

1884. 

Namb  of  Countt. 

Produotion. 
Tons. 

1 
Percentage. 

Produotion. 
Ton& 

1 
Percentage. 

SosquehanDa, 

Lackawanna, 

Luzerne, 

Sullivan, 

Carbon,      

80,945 

7,022,241 

14,176,487 

84,876 

1,007,419 

7,768,811 

774,765 

2,497,801 

602,996 

0.09 

20.68 

41.76 

00.25 

2.97 

22.85 

2.28 

7.86 

1.77 

77,(68 

7,093,190 

13,882,912 

86,018 

1,165,916 

7,166,532 

745,826 

2,331,108 

603,939 

00.24 
21.78 
41.00 
00.26 
8.54 

SohuylkiU, 

Columbia,     

Northumberland, 

Daupliin, 

21.96 
2.28 
7.14 
1.85 

Totals, 

88,955,831 

100.00 

32,641,499 

100.00 

The  area  of  the  region  is  about  1700  square  miles.  The 
natural  geological  and  topographical  boundaries  of  this 
area  are  formed  by  tfie  mountains  and  ridges  made  by  the 
Pocono  Sandstone,  No.  X,  although  no  workable  coal-beds 


*Oa  the  map  of  the  anthracite  region,  this  field  has  been  called  the  Western 
Northern,  in  contradistinction  to  the  Nurthern,  Ea  tern  Middle,  Western 
Middle,  and  Southern  fields. 
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have  been  found  stratigraphically  below  the  Pottsville  Con- 
glomerate, No.  XII,  the  Lykens  Valley  or  lowest  anthra- 
cite beds  being  found  in  the  latter  formation.  The  greatest 
length  of  the  region,  from  the  north-eastern  end  of  the 
Northern  field  to  the  south-western  end  of  the  Southern 
field,  is  about  115  miles,  while  the  greatest  width  of  the 
belt,  containing  the  first  four  fields,  is  about  30  miles  be- 
tween Mauch  Chunk  and  Shickshinny,  near  the  western  end 
of  the  Northern  field. 

The  approximate  areas  underlaid  by  workable  beds  in  the 
different  fields,  with  the  number  of  tons  of  coal  rained 
from  each  field  during  1883  and  1884,  are  shown  in  the  fol- 
lowing table : 


FIXLD. 

Bqusre  miles, 
(approximate. ) 

IMS—Tons. 

1888— Pei^ 
centage. 

1884— Tons. 

1884— Per- 
centage. 

Northern  Field, 
Seatern  Middle  Field, 
Western  Middle  Field, 
Southern  Field,     .  .  . 
LoyaUock  Field,     .  . 

200 

40 

90 

140 

Unknown. 

16,670,428 

5,6M,897 

8,562,915 

8,161,718 

84,876 

48.80 

16.46 

25.19 

9.81 

0.25 

16,411,277 

6.098.684 

7,896,049 

8,149.471 

86,018 

50.28 

16.62 

24.19 

9.6» 

0.26 

Total  production,  . 

470  i- 

88,955,881 

100.00 

82,641,499 

100.00 

3,  History, 

The  first  record  we  have  of  the  practical  use  of  Pennsyl- 
vania anthracite  is  in  1768  atid  1769,  when  it  was  employed 
for  blacksmithing  by  two  brothers  named  Gore,  who  had 
moved  from  Connecticut  and  settled  in  the  Wyoming  val- 
ley near  Wilkes  Barre.  This  was  possibly  twenty  years 
subsequent  to  the  commencement  of  coal  mining  in  the 
United  States,  in  the  Mesozoic  bituminous  basin  in  the  vi- 
cinity of  Richmond,  Virginia. 

In  1775  it  is  reported  that  a  cargo  of  coal  was  shipped  in 
flat-boats  from  Wilkes  Barre  down  the  Susquehanna  for  the 
government  armory  at  Carlisle. 

The  first  organized  effort  for  the  mining  of  coal  was  in 
1793,  when  the  Lehigh  Coal  Mine  Company  was  organized, 
and  purchased  land  at  Summit  Hill,  nine  miles  from  Mauch 
Chunk,  from  Mr.  J.  Weiss.     The  Mammoth  bed  had  been 
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accidentally  discovered  on  this  land  in  1791.  In  1803  this 
company  loaded  six  flat-boafs  or  river-arks,  holding  about 
10  tons  each,  and  started  them  down  the  Lehigh  river  for 
Philadelphia ;  only  two  of  these  boats  reached  destination. 
No  one  knew  how  to  burn  the  stone  coal  and  it  was  con- 
sidered worthless.  In  1814  another  shipment  of  five  arks 
w^as  made  in  the  same  way,  two  of  them  reaching  Philadel- 
phia, the  coal  which  they  contained  being  sold  to  White  & 
Hazard,  at  the  Falls  of  the  Schuylkill.  This  latter  ship- 
ment was  preceded  two  years  (1812)  by  nine  w^agon  loads  of 
coal,  hauled  to  Philadelphia  from  the  Schuylkill  region. 

It  appears  that  Judge  Fell,  of  Wilkes-Barre,  first  used 
anthracite  coal  as  a  household  fuel.  In  a  memorandum 
dat^d  February  11,  1808,  he  says  :  "  Made  the  experiment 
of  burning  the  common  stone  coal  of  the  valley,  in  a  grate, 
in  a  common  fire-place  in  my  house,  and  find  it  will  answer 
the  purpose  of  fuel,  making  a  clearer  and  better  fire  at  less 
expense  than  burning  wood  in  the  common  way," 

The  first  use  of  anthracite,  in  connection  with  the  manu- 
facture of  iron,  dates  from  1812,  when  White  &  Hazard  pur- 
chased one  of  the  nine  wagon  loads  from  the  Schuylkill  re- 
gion at  the  cost  of  transportation,  and  successfully  used  the 
coal  in  heating  the  furnace  of  their  nail  and  wire  mill  at  the 
Falls  of  the  Schuylkill. 

The  regular  shipment  of  anthracite  coal  to  market,  how- 
ever, did  not  commence  until  1820,  during  which  year  the 
Lehigh  Coal  and  Navigation  Company  sent  365  tons  from 
their  famous  mine  at  Summit  Hill  to  Philadelphia.  In  1822 
the  Schuylkill  region  is  reported  to  have  first  shipped  to 
market  1 480  tons.  In  1 829,  7000  tons  were  first  shipped  from 
the  Wyoming  region  by  the  Delaware  and  Hudson  Canal 
Company,  whose  canal  had  just  been  completed  ;  the  ag- 
gregate shipment  from  the  entire  region  during  the  latter 
year  being  112,083  tons. 

Anthracite  for  the  generation  of  steam  was  first  employed 
in  January,  1825,  under  the  boiler  of  Thompson's  rolling 
mill  at  Phoenixville. 

The  first  successful  use  of  anthracite  as  an  exclusive  fuel 
in  the  blast  furnace  was  at  the  Pioneer  furnace,  built  dur- 
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ing  1837  and  1838  at  Pottsville,  by  William  Lyman,  of  Bos- 
ton. The  first  successful  blast  was  blown  in. at  this  fur- 
nace on  October  19,  1839.  In  recognition  of  the  results  ob- 
tained in  this  furnace,  Mr.  Lyman  was  paid  a  premium  of 
$50(.K)  by  Nicholas  Biddle  and  others,  as  being  the  first  per- 
son in  the  United  States  who  had  made  anthracite  pig  iron 
continuously  for  one  hundred  days.  As  early  as  1824  at- 
tempts had  been  made  to  use  anthracite  in  charcoal  fur- 
naces, mixed  with  charcoal.  This  and  many  subsequent  at- 
tempts prior  to  1839  seem  to  have  all  met  with  failure.  On 
July  3,  1840,  Mr.  David  Thomas  successfully  blew  in  a  fur- 
nace which  he  had  built  for  the  Lehigh  Crane  Iron  Com- 
pany at  Catasauqua,  on  the  Lehigh  river.  Previous  to  this 
time  Mr.  Thomas  had  been  associated  with  Mr.  Crane  in  his 
experiments  at  Yniscedwin.  The  Catasauqua  furnace  was 
in  active  operation  until  1879,  when  it  was  torn  down. 

The  First  Geological  Surrey  of  this  region  by  the  State 
was  commenced  in  1836,  arid  was  continued  at  intervals  un- 
til the  publication  of  the  Final  Report  of  the  First  Survey 
in  1858.  The  results  of  this  Survey  were  in  the  highest 
sense  valuable ;  they  are  being  supplemented,  rather  than 
replaced,  by  the  more  detailed  and  practical  work  of  the 
Second  Survey. 

The  Second  Survey  was  commenced  in  August,  1880,  and 
has  been  vigorously  prosecuted  since. that  time.  The  prin- 
cipal object  of  this  Survey  has  been  to,  make  the  results 
practically  useful  to  those  directly  interested  in  the  explor- 
ation and  exploitation  of  the  coal-fields.  About  one  third 
of  the  area  of  the  region  has  been  mapped  by  the  Survey, 
although  the  work  cannot  be  said  to  be  one  third  completed, 
since  the  geology  of  the  area  not  yet  examined  and  sur- 
veyed is  more  diflScult  and  le»s  developed  than  that  of  the 
area  already  covered. 

These  few  facts  connected  with  the  early  history  and  de- 
velopment of  anthracite  coal  are  interesting  when  it  is  con- 
sidered that  the  mining  and  transportation  of  Pennsylvania 
anthracite  is  the  most  important  industry  connected  with 
the  development  of  any  mineral,  in  any  one  State,  in  the 
Union. 
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i.   Topography, 

The  grand  features  of  the  topos^raphy  of  the  region  have 
been  determined  by  its  structural  geology.  These  consist 
of  two  distinct  series  of  ridges  or  mountains,  one  formed 
by  the  Pottsville  Conglomerate,  and  the  other  by  the  Pocono 
Sandstone  ;  and  two  series  of  valleys,  that  eroded  out  of 
the  Coal  Measures,  surrounded  by  the  Pottsville  Conglom- 
erate ridges,  and  that  cut  odt  of  the  Mauch  Chunk  Red 
Shale,  No.  XI,  which  lies  between  the  two  series  of  ridges. 
The  Pottsville  Conglomerate  mountains  rise  from  eight  hun- 
dred to  one  thousand  feet  above  their  bases,  while  the 
Pocono  mountains  are  generally,  though  not  always,  higher. 
The  difference  between  the  extremes  of  elevation  within  a 
radius  of  twenty-five  miles  rarely  exceeds  fifteen  hundred 
feet,  while  that  between  the  extremes  within  a  compass  of  two 
or  three  miles  seldom  amounts  to  more  than  one  thousand 
feet.  In  speaking  of  these  grand  features.  Professor  Les- 
ley says :  ''  Each  coal-basin  is  set  in  a  double  frame,  being 
limited  bj'^  a  mountain  of  conglomerate,  outside  of  which 
runs  a  narrow  valley  or  trough  of  red  shale,  outside  of 
which  again  runs  a  second  and  still  higher  mountain  of 
white!  sandstone,  the  outside  flank  of  which  is  always  fur- 
nished with  a  terrace  of  red  sandstone."  The  surface  of 
the  valleys  underlaid  by  the  Coal  Measures  is  undulated  by 
small  ridges,  which  are  formed  by  the  harder  sandstones 
contained  in  the  intervals  between  the  coal-beds.  The  coal- 
beds  themselves  frequently  form  terraces  along  the  slopes 
of  the  ridges,  which  permit  of  the  coal-beds  being  easily 
traced,  in  many  localities,  over  considerable  areas.  The 
most  prominent  of  these  ridges  seldom  rise  to  a  height  more 
than  half  of  that  of  the  enclosing  Pottsville  Conglomerate 
mountains.  The  Broad  Mountain  plateau,  separating  the 
Western  Middle  and  Southern  fields,  and  ranging  about 
five  miles  wide  and  fifteen  miles  long,  the  Upper  Lehigh 
Mountain  plateau,  containing  the  coal-basins  of  that  region, 
and  ranging  about  eight  miles  wide  and  fifteen  to  twenty 
miles  long,  and  the  Nescopec  Mountain  plateau,  which 
crosses  the  Lehigh  Valley  and  Lehigh  and  Susquehanna 
Railroads  between  White  Haven  and  the  southern  rim  of  the 
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Wyoming  Valley,  are  exceptions  to  the  nsaal  sharp  pro- 
tiles  of  the  Pottsville  and  Pocono  mountains.  A  general 
idea  of  the  height  of  the  i-egion  and  surrounding  areas 
above  ocean  level  may  be  bad  from  the  following  elevations 
of  prominent  points : 


UMTlibarg,  (P.R.R.depot,)  .  .  821 

NorthumberlMid 452 

C■Uwi■^ 477 

Sblok*hlDD7, 531 

Nuitiooke,  .  .   588 

WllkM  B>iTe.(L.dtM.H.R  depot,)  GSO 
PlUMon,  (L.V.  R.R.  depot,)  .  .  671 
Soraatoi],(0.lA&W.Il.R.depoi,)  7B9 

Port  Clinton 410 

SahurlklU  BkTfln, 628 

PouiTfll«, 614 

Tremout, 766 


'DunaqoB.  <P.  A  R.  R.  K.  depot,)  SOS 

Uabauo;  Cit7, 1&48 

Sbenaodoai),  ....  13G2 

UUberton,  (P.  A  R.  R.  R.  depot,)lI33 
Ashland,      ....  869 

Mount  Carmel,         10S4 

Shamokin,  (P.  4  R.  R.  R-dapot,)  788 
Mauohihunk,(L.V.R.R. depot,)  644 
Haztet  □,  (L.  V.  R.  K.  depot,)  1612 
Drifton,  (L.  &  8.  R.  R.  depot,)  .  1688 
Wblta  Haven,  (L.  V.R.  R.  depot,)114S 
Upper  Lehlgb, 1802 


5.  Structural  Geology. 

All  the  rocks  found  in  or  immediately  surrounding  the 
anthracite  re^on  are  sedimentary,  belong  to  the  Palfeozoic 
Era,  iind  ai-e  highly  corrugated.  These  sti-ata,  which  after 
their  deposition  were  comparatively  horizontal,  have  been 
thrown  into  the  deformations,  in  which  we  now  find  [hem, 
by  the  secular  cooling  and  consequent  contraction  of  the 
earth's  surface,  after  the  close  of  tlie  Palieozoic  Time.  The 
prominent  features  in  the  structure  of  this  portion  of  the 
State  are  illustrated  by  the  accompanying  vertical  cross- 
section  (Fig.  1.) 


—  -^i    i'...TIJ' — >-^-' — » 
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The  denudation  of  the  surface  of  the  region  by  the  nat- 
ural eroding  agents,  which  are  still  at  work  in  a  greater  or 
less  degree,  has  been  very  great,  after  the  strata  was  up- 
heaved and  corrugated.  From  the  top  of  Kittadnny  mount- 
ain has  been  cut  away  all  the  strata  included  between  the 
Medina  Sandstone  (part  of  formation  No.  IV)  and  the  highest 
coal  measures  (part  of  No.  XIII)  in  the  of  Panther  Creek 
basin,  measuring  in  the  aggregate  over  18,000  feet,  perpen- 
dicular to  the  bedding.  If  the  dip  of  the  strata,  after  the 
corrugation  was  effected  and  before  denudation  had  percep- 
tibly taken  place,  was  the  same  along  a  vertical  line  through 
the  mountain  as  it  is  now,  then  as  much  as  four  miles  ver- 
tical thickness  of  strata  have  been  eroded  from  the  area  now 
marked  by  the  Kitta tinny  crest.  This  mountain  is  one  of 
the  boldest  topographical  features  in  the  State.  It  extends 
from  the  Delaware  Water  Gap,  between  New  Jersey  and 
Pennsylvania,  south-west  for  90  miles  to  a  point  in  Frank- 
lin county  twelve  miles  west  of  Chambersburg.  The  de- 
tails of  the  structure  between  that  portion  of  the  mountain* 
included  between  the  Lehigh  and  Susquehanna  rivers  and 
Sharp  mountain,  formed  by  the  Pottsville  Conglomerate, 
No.  XII,  which  skirts  the  south-eastern  limit  of  the  South- 
ern Field,  is  different  in  many  places  from  that  shown  in 
the  accompanying  section  ;  the  general  structure,  however, 
varies  little. 

The  northern  end  of  the  section  through  the  Panther 
Creek  coal-basin  has  been  enlarged  (from  scale  of  3  miles  to 
1  inch,  xmyV^TF^^^  ^'  nature  to  a  scale  of  800  feet  to  1  inch, 
j^^i^th  of  nature)  to  illustrate  some  of  the  details  of  the 
structure  of  the  anthracite  basins  (Fig.  2.)t 

'Approximately  defiaed  by  the  lower  border  line  of  the  aocompanying 
map  of  the  anthracite  ooal-fielda,  page  plate  I. 

t,The  method  which  has  been  ased  for  representing  the  ooal-beds  and  rook 
strata  in  this  section  is  that  which  has  been  propqsed  by  the  author  for  all  of  the 
cross  sections  of  tlie  Geological  Survey,  as  follows :  (1)  Where  a  coal-bed  has 
been  worked  out  in  the  plane  of  section  it  is  shown  by  two  lines,  one  at  the  top 
and  the  other  at  the  bottom  of  the  bed ;  (2)  where  the  position  of  a  coal-bed  is 
certainly  known,  but  the  coal  has  not  been  worked  out  in  the  plane  of  section, 
it  is  shown  by  a  heavy  olack  line ;  (3)  where  the  position  of  a  coal-bed  can  only 
be  approximately  determined,  with  present  available  facts,  it  Is  indicated  by 
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The  Pottsvilie  Conglomerate,  (No.  XII,)  underlying  the 
Productive  Coal  Measures,  has  been  thrown  into  broad,  reg- 
ular, and  geneifilly  symmptrica!  flexnres,  while  the  overlj'- 
ing  softer  measures,  containing  all  the  workable  ooals,  ex- 
cept in  those  districts  where  the  Lykens  Valley  beds  have 
dimensions  sufficient  to  be  mined,  are  found  conformable  to 
subordinate  flexures  of  three  kinds:  symmetrical  (central 
anticlinai,  Fig.  2.)  nnsymmetrical  (southern  anticlinal, )  and 
reversed  (northern  isoclinal.)*  In  the  case  of  the  nnsym- 
metrical and  reversed  flexures,  the  plane  passing  through 
the  axes  of  the  flexures,  asexhibited  in  the  different  strata, 
is  generally  inclined  down  and  toward  the  area  of  maxi- 
mnm  disturbance. 

This  area  of  maximum  disturbance  lies  to  the  south-east 
of  the  anthracite  region,  in  the  vicinity  of  Kittatinny  mount- 
ain, and  is  co-extensive  with  it  throughout  the  centra!  part 
of  the  State,  crossed  not  only  by  this  Medina  crest,  but  by 
the  parallel  mountains  capped  by  the  same  formation,  and 
constituting  what  are  known  as  the  Blue  ridgesf  in  Penn- 
aalngle  line  repreaen  ting  the  bottom  of  the  bed  ;  (4)  the  rook  strata  are  oat; 
•haded  where  their  aharaoter  1b  abBoIntely  known.  Oae  or  the  primary  ob- 
jects of  the  Anthradte  Surrey  bos  been  to  render  the  reanlti  of  tt«  work  of 
praettoat  ntllity,  and  this  method  of  oonMranting  the  eroee  eeotione  renders 
themof  tbegreaieaC  valae  to  thoMBoparlnl^nding  the  mining  of  coal. 

■Throngb  the  region  an  tsoollnal,  or  a  flexnre,  where  the  strata  appear  to 
dip  in  one  direction  on  either  Bide  of  the  axle,  la  ganeraU;  called  an  orertom 
or  overturned  antlollnal. 
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sylvania  and  the  North  moantains  in  Virginia.  This  in- 
clining of  the  unsymmetrical  and  reversed  flextures  toward 
the  north  and  north-west  was  formerly  thought  to  be  uni- 
versal in  the  anthracite  region  ;  recently,  however,  a  number 
of  exceptions  have  been  found  in  small  anticlinals  and  iso- 
clines, which  incline  toward  the  south  and  southeast.  In 
the  case  of  the  accompanying  sections,  the  Lehighton  anti- 
clinal (Fig.  1)  and  Panther  Creek  isoclinal  (Fig.  2)  follow 
the  general  law  of  inclination. 

The  area  of  maximum  folding  and  contortion  of  the  coal 
bearing  measures  is  in  the  Southern  field,  where  the  occur- 
rence of  isoclinals  and  sharp,  narrow  anticlinals  and  syn- 
clinals is  more  freqtient.  In  other  fields  the  flexures  grad- 
ually become  flatter,  broader,  and  further  apart  toward  the 
north-west.  The  structure  in  the  Eastern  Middle  field  is 
an  apparent  exception;  when  it  is  remembered,  however, 
that  in  this  district  the  flexures  in  the  coal  measures  are 
found  at  a  much  greater  height  above  ocean  level,  and  the 
coal-basins  are  generally  much  shallower  than  in  the  South- 
em  field,  the  general  conclusion  holds  true,  for  the  most 
complicated  structure  is  invariably  found  in  the  bottoms 
of  the  coal-basins,  where  the  squeezing  of  the  strata  was 
the  greatest  during  the  original  plication.* 

The  Northern  field,  which  is  further  removed  from  the 
area  of  maximum  disturbance,  is  composed  of  a  broad, 
canoe-shaped  basin  with  moderate  dips,  the  surface  of  any 
one  of  the  coal  measure  strata,  in  general,  being  but  slightly 
undulated  by  broad,  low  anticlinals  and  shallow  synclinals, 
while  the  structure  of  the  Loyalsockand  Mehoopany  field, f 
which  is  still  further  removed,  is  identical  with  that  of  the 
Pennsylvania  bituminous  field  ;  the  average  maximum  dips 

*Th6  difficulties  whioh  have  beea  enooantered  in  mlniag  near  and  in  the 
bottonw  of  the  Lehigh  basins,  foreshadow  the  greater  irregularities  of  strno- 
^re,  whioh  wiU  probably  be  met  with  in  mining  in  the  bottoms  of  the  South- 
em  field  basins.  Although  the  details  of  structure  are  rarely  duplicated  in 
different  districts,  yet  I  believe  a  careful  mapping  and  study  of  the  sructurai 
geology  of  the  Lehigh  basins  will  aid  materially  in  the  most  economical  der 
yelopment  of  the  deeper  portions  of  Southern  field  basdns. 

fThis  field  has  been  provisionally  named,  on  the  map,  the  Western  North, 
ern. 
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of  the  coal-bed  ranging  from  between  3  and  5  feet  to  100 
feet. 

1 

Some  idea  may  be  had,  from  the  following  table,  of  the 
depths  of  some  of  the  anthracite  basins  in  which  informa- 
tion has  been  obtained,  of  a  sufficiently  definite  character, 
to  permit  of  estimates  being  made.  The  elevations  are 
given  in  feet  above  ocean  level : 

Northern  Fields  Wilkes  Bar  re  Basin, 

Ftei. 

WUkesBarre,  (Ii.V.  R.R.  depot,) -f649 

Biammoth  bed  oatorop  on  north  aide  of  basin,  at  Kingston 

CkMd  Company's  slope,  No.  2, -f  788 

Mammtth  bed  outorop  on  south  side  of  basin,  at  HoUen- 

baok  slope,  No.  2, -f  774 

Bottom  of  Mammoth  bed  basin  under  flat,  north  of  Wil  kes 

Barre,  (estimated,)        --800* 

Width  of  basin,  23,200  feet  (4.4  miles.) 

Eastern  Middle  Field, 
Driflon  Basin. 

Drifton,  (L.  A  8.  R.  R  depot,) -f  1638 

Buck  Mountain  bed  outorop  on  north  side  of  basin,  at 

Drifton  slope.  No.  2, -f  1092 

Buck  Mountain  bed  outcrop  on  south  side  of  bssin,  .  .  .  -(-1046 

Bottom  of  Buck  Mountain  bed  basin -f  1150 

Width  of  basin,  2,260  feet  (.4  mUes.) 

Hazleton  Basin. 

Haxleton,  (L.  V.  R.  R.  depot,)        +1612 

Mammoth  bed  outorop  on  north  side  of  basin,     -{-1660 

Mammoth  bed  outorop  on  south  side  of  basin,  at  Hazleton 

Slope,  Na  6,                                -f  1672 

Bottom  of  Mammoth  bed  basin, 4~  ^^ 

Width  of  basin  along  line  through  Slope  No.  6,  8800  feet 

(.7  miles.) 

Western  Middle  Fields  Mahanoy  Basin. 

Oilberton  (P.  and  R.  R.  depot,) -fll33 

Mammoth  bed  outorop  on  north  side  of  basin,  at  Oilberton 

slope, -fl228 

Mammoth  bed  outcrop  on  S3uth  side  of  basin,  at  Draper 

slope,  .  . -f  1276 

Bottom  of  Mammoth  bed  basin,  (estimated,) —  150 

Width  of  basin  along  line  through  Oilberton  slope,  3050 

feet  (.6  miles.) 

*  Depth  attained  by  workings  in  Prospect  ooJ  '*  ,ry  is  now  over  800  feet  below 
level. 
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Southern  Fields  Panther  Creek  Basin. 

{Near  Tamaqua.) 

TAaiaqua  (P.  and  R.  R.  depot,) +808 

Mammoth  bed  outorop  on  north  side  of  basin, -{-1350^ 

Mammoth  bed  ontorop  on  aonth  side  of  basin, -j-^^^ii: 

JBottomof  Mammoth  bed  basin,  (estimated,) —1000 

Width  of  basin,  5700  feet  (1.1  miles.) 

The  region  is  exceptionally  free  from  rock  faults.  No 
downthrow  or  upthrow  faults  have  been  defined,  such  as 
are  so  frequently  met  with  in  the  English  coal-fields,  where 
the  hade  of  the  fault  makes  an  angle  of  more  than  90  de- 
grees with  any  one  stratum  on  either  side  of  the  fault  plane. 
The  onlj'  breaks  in  the  strata  which  are  worthy  of  mention, 
in  this  brief  description,  are  the  fractures  which  occur  along 
the  reversed  flexures,  and  which  are  properly  called  re- 
versed faults.  When  the  strata  were  corrugated  and  the 
overturns  formed,  the  tension  of  the  strata  along  the  axis  of 
the  isoclinal  was  so  great  that  those  on  the  upper  side  of 
the  axial  plane  were  shoved  past  those  on  the  lower  side ;  * 
these  faults  seldom  amount  to  more  than  300  or  400  feet, 
and  in  most  cases  where  coal-beds  are  enclosed  in  the 
faulted  strata,  the  coal-beds  have  been  continued  along  the 
fracture  or  fault  plane,  but  generally  in  a  dirty,  unworka- 
ble condition.  Such  faults  have  been  encountered  in  the 
vicinity  of  Shenandoah,  and  along  the  side  of  Bear  Ridge, 
in  Schuylkill  county,  and  in  the  vicinity  of  Hazleton,  Ply- 
mouth, and  Wilkes  Barre,  in  Luzerne  county, 

6.  Stratigraphical  Geology. 

The  rocks  outcropping  in  the  region  are  stratified,  and 
were  deposited  during  the  Palseozoic  Era. 

The  thicknesses  of  the  several  formations  vary  considerably 
along  their  outcrop  in  different  portions  of  the  field  ;  their 
lithological  characteristics  are  sufficiently  constant,  how- 
ever, to  permit  of  an  easy  recognition  by  the  experienced 
geologist  wherever  they  are  exposed.  The  names  of  the 
periods  and  epochs  under  which  these  strata  have  been  com- 
monly grouped,  with  their  accompanying  thicknesses,  as 

*  Faults  of  this  oharaoler  are  iUustrated,  in  the  case  of  the  Alps,  by  Heim,  in 
his  work  on  Mountain-making. 
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determined  by  the  Geological  Survey  along  the  Lehigh 
river  in  Carbon  county,  south  of  the  eastern  end  of  the 
Southern  field  (Fig.  l,)are  exhibited  in  the  following  table : 

PalcBozoic  E^a. 

I.  Carboniferous  Period, 

FeeL 

XIII.  Prodaotiye  Coal  Measures, 975 

XII.  Pottsville  Conglomerate  (Serai,  MUlstone  Grit,)  .  .       880* 

XI.  Mauoh  Chunk  Red  Shale  (Umbral,) 2170 

X.  Pooono  Sandstone  and  Conglomerate  (Vespertine,)  1265 


IL  Devonian  Period, 

IX.  CatskUl  Sandstone  (Ponent,) , 

'  Chemaug  Shales  and  Sandstones,  tyArsent. 
Portage  Shales  and  Flags,  S      'k^  W 

Genessee  Slates  and  Shales, 
Hamilton  Sandstones  and  Flags, 
Maroellus  Shales  and  Slates, 
Upper  Helderberg  Limestone, 
Gaudi  Galli  and  Schoharie  Grits, 
VII.  Oriskany  Sandstone,  (Meridian,)  . 


VIII.  < 


Cadent, 

Post  Me- 
ridian. 


7145 
1290 

290 
700 

800 

Absent. 
840 


IIL  Upper  Silurian  Period. 

.  Lower  Helderberg  Limestones  and  Shales,  (Pre-  \ 

VI.  )     Meridian,) 5  295 

\  Onondaga  Shales,  (Soalent.)       ) 

V.  Clinton  Ked  and  Gray  Shales,  (Sargent,) 2000 

jy    \  Medina  Sandstones,     .  .             '  '      *  I  r         f  m\ 

'  \  Oneida  Sandstones  and  Conglomerates,  J  ^^^^^^*  •  *^ 

TV.  Lower  Silurian  Period, 

III    jf'^^*L°^^^®''S^^«^}Matinal, 6000± 

^^^'  JuUoaSlateis  S  '  ^ 

II.  Trenton  and  Caloiferoos  Li mestoneSi  (Auroral,)   .  .     2000± 

I.  Potsdam  Sandstone,  (Primal,) — 

The  numbers  assigned  to  the  epochs  and  formations  are 
those  which  were  adopted  by  the  First  Pennsylvania  Sur- 
vey. The  geographical  names  were  first  proposed  by  the 
New  York  State  Survey,  and  have  been  generally  made  use 
of  by  geologists,  wherever  the  strata  composing  these  for- 
mations could  be  identified,  throughout  the  Appalachian 
region.     The  New  York  nomenclature,  as  originally  pro- 


*Only  240  feet  thick  on  the  Ashley  planes,  and  not  over  100'  at  a  number  of 
places  in  the  Wilkes  Barre  mountains. 
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posed,  ended  with  the  Catskill,  and  the  names  Pocono, 
Mauch  Chunk,  and  Pottsville,  were  tirst  suggested  for  the 
higher  Pennsylvania  rocks  by  Prof.  Lesley,  in  1875.  The 
names  placed  in  brackets  were  introduced  by  Prof.  H.  D. 
Rogers  during  the  progress  of  the  First  Pennsylvania  Sur- 
vey.   They  have,  however,  never  been  generally  adopted. 

The  areas  in  the  region  underlaid  by  the  formations  Nos. 
XII,  XI,  and  X  are  generally  easily  defined  by  the  topo- 
graphy which  they  produce,  although  in  places  no  actual 
exposed  outcrop  may  be  found.  The  Pottsville  Conglom- 
erate forms  a  rim  around  the  coal-basins,  and  the  Pocono 
Sandstone  and  Conglomerate  an  outer  rim,  with  a  valley  in- 
cluded betwen  them  eroded  out  of  the  Mauch  Chunk  Red 
Shale. 

The  thickness  of  the  Pottsville  Conglomerate  varies 
greatly.  In  Nesquehoning  gap  it  measures  1155  feet  (Pig. 
3.)  Two  miles  to  the  east,  midway  between  Nesquehoning 
gap  and  Mauch  Chunk,  it  is  about  the  same  thickness, 
while  four  miles  to  the  west,  in  the  Nesquehoning  Railroad 
tunnel,*  it  measures  only  880  feet,  as  given  in  the  table  of 
formations.  In  Locust  Mountain  gap,  directly  north  of 
Tamaqua,  about  five  miles  a  little  south  of  west  of  the  Nes- 
quehoning Railroad  tunnel,  it  measures  1280  feet.  This 
variability  in  the  thickness  of  the  Pottsville  Conglomerate 
within  short  intervals,  may  show  an  unconformability  be- 
tween the  underlying  Mauch  Chunk  Red  Shale,  No.  XI, 
(representative  of  the  Sub-carboniferous  or  Mountain  lime- 
stone,) or  an  unconformability  between  the  individual  strata 
forming  the  conglomerate  measures.  It  is  more  probable, 
however,  that  this  change  in  thickness  is  due  to  an  uneven- 
ness  in  the  bottom  of  the  water  basin  at  the  time  that  de- 
position took  place,  or  to  variable  and  changing  water  cur- 
rents. 

The  facts  at  present  obtained  do  not  seem  to  be  sufficient 
to  attempt  a  final  solution  of  the  question.     Prof.  Lesley, 

*The  Rbame  Ran  tunnel,  back  of  the  vlilage  of  Nesquehoning,  is  fre- 
quently called  the  Nesquehoning  tunnel  and  was  used  solely  for  mining  pur- 
poses; it  must  be  distingniRhed  from  the  Nesquehoning  Railroad  tunnel 
through  the  Locust  mountain,  north  of  Lansford. 
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in  referring  to  this  phenomenon,  concludes  that,  ''The  vari- 
able thickness  of  the  conglomerate  must  be  discussed  on 
one  of  two  hypotheses :  either,  we  must  surmise  extraor- 
dinary and  unaccountable  variations  in  the  quantity  of 
sand  and  gravel  deposited  on  neighboring  parts  of  the  red 
shale  sea  bottom  ;  or,  we  must  apply  the  mechanical  law, 
that  the  folding  of  a  plastic  mass  shifts  all  parts  of  the 
mass  to  allow  of  its  accommodation  in  a  smaller  space." 

The  thickness  of  No,  XII  declines  rapidly  towards  Wilkes 
Barre.  At  the  Red  Ash  colliery,  which  is  2o  miles  due 
north  from  the  Nesquehoning  R.  R.  tunnel,  and  immedi- 
ately south  of  Wilkes  Barre,  the  conglomerate  measures 
but  96  feet.  This  change  in  the  thickness  of  the  conglom- 
erate is  as  great  in  other^directions,  as  shown  by  numerous 
sections  made  by  the  Geological  Survey. 

The  variability  in  the  thickness  of  the  Productive  Coal 
Measures,  and  of  their  included  coal-beds,  is  relatively  al- 
most as  great  as  that  of  the  conglomerate ;  it  would  be  im- 
possible to  select  any  one  section  to  illustmte  the  thickness, 
character,  and  succession  of  the  coal-beds  and  their  in- 
cluded rocks  throughout  the  region. 

The  non-parallelism  of  the  anthracite  beds,  in  many  lo- 
calities, is  now  proven  beyond  a  question.  In  fact,  it  is 
doubtful  whether  the  certain  identification  of  any  of  the 
Carboniferous  strata,  over  the  entire  coal-region,  can  be  ac- 
cepted as  at  present  determined,  other  than  that  of  the 
Mammoth  coal-bed  and  the  base  of  the  Pottsville  Conglom- 
erate, No.  XII.  Until  the  relationship  of  the  anthracite 
beds  in  the  different  districts  is  established,  it  is  folly  to 
attempt,  as  has  often  been  done,  to  identify  the  anthracite 
coal  measures  with  those  in  the  Pennsylvania  bituminous 
fields. 

The  accompanying  section,  (Fig.  3,)  measured  in  the 
Nesquehoning  or  Rhume  Run  tunnel,  is  as  representative 
of  the  anthracite  measures  as  any  which  could  probably 
be  referred  to.  The  Mammoth  bed,  which  is  13  feet  10 
inches  thick  in  this  section,  changes,  as  do  all  the  other 
coal-beds,  very  much  in  thickness,  in  the  number  of  sepa- 
rate benches  of  coal  which  it  contains,  and  the  amount  of 
19 
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slate  and  poor  coal  wliieli  is  included 
between  the  good  coal  benclies  or  layers. 
Half  n  mile  west  of  Summit  Hill  vil- 
lage, where  the  coal  was  first  quarried 
in  a  surface  cutting  in  1792,  the  bed  is 
about  60  feet  thick.      At  one  twint, 
where  a  very  careful  measurement  was 
made,  the  bed  was  com^msed  of  21  sep- 
arate benches  of  coal,  having  an  aggre- 
gate thickness  of  40  feet  3  inches,  which 
were  separated  by  20  layers  of  slate, 
with  a  total   thickness  of   12  feet  10 
inches.  The  average  thickness  of  thebed 
east  of  the  Kesquehoning  colliery  is  es- 
timated to  be  29  feet,  with  23  feet  of 
merchantable  coal,  and  west  of  Rhume 
run   to  the   Schuylkill-Carbon  county 
line,  55  feet,  with  only  27  feet  of  coal. 
Between  the  countj'  line  and  Tama- 
-2.d.  q^jjj  jjjg  average  thickness  of  merchant- 
able coal  contained  in   the  Mammoth 
bed  is  about  27  feet,  and  the  average 
^      thickness  of  the  coal-bed  itself  is  43 
"^      feet.     In  colliery  No.  9  of  the  L#ehigh 
|l    Coal  and  Navigation  Company,  west  of 
^^    Summit  Hill  village,  the  Mammoth  bed 
l4    has  an  average  thickness  of  50  feet,  and 
^.g    contains  on  the  average  25  feet  of  mer- 
e=    chantable  coal.     At  one  point  in  the  col- 
liery, where  the  bed  and  accompany- 
inK  strata  have  evidently  been  subjected 
to  a  local  lateral  compression,  the  coal- 
bed  measures  114  feet  thick,  and  con- 
tains 106  feet  of  coal ;  while  a  thickness 
of  60  or  70  feet  for  the  bed,  with  40  or 
50  feet  of  good  coal  contained  in  It,  is 
not  nnusunl  at  many  points  in  this  mine. 
The  Red  Ash  bed,  which  is  the  bed 
most  extensively  worked  in  the  Panther 


H 


AsJiburner.']    anthracitk  region,  chap.  i. 


291 


Creek  valley,  next  to  the  Mammoth,  has  an  average  thick- 
ness in  the  eastern  and  western  ends  of  the  basin  of  about 
13  feet,  containing  9  feet  of  coal,  while  in  about  one  third 
of  the  area  of  the  basin,  near  its  center,  the  same  bed  has 
an  average  thickness  of  9  feet,  with  only  5  feet  of  coal. 

In  the  Greenwood  colliery  workings,  near  Tamaqua,  the 
following  measurements  were  made : 


Per  oent.  of  ooai 

Bed. 

Average  dip. 

Coal-bed. 

Coal. 

taken  oat  of 
mines. 

G. 

670 

8  feet. 

2  feet. 

60 

F. 

670 

12    " 

10    *» 

60 

E. 

610 

20    " 

15    •• 

70 

D. 

570 

9    *• 

7    " 

60 

r.. 

670 

8    " 

6    »« 

60 

B. 

570 

6    «* 

8    " 

60 

A. 

560 

10    «« 

8    " 

70 

These  facts,  although  local,  are  sufficient  to  show  the 
great  variability  of  the  anthracite  coal-beds  and  the  impos- 
sibility of  reporting  a  section  of  any  one  bed  which  shall 
be  an  average  for  any  considerable  portion  of  the  region. 
In  the  First  Report  of  Progress  of  the  Anthracite  Survey 
a  number  of  sections  are  given,  with  a  view  of  indicating,  as 
near  as  possible,  the  average  thickness  of  the  Coal  Measures, 
and  the  average  thickness  of  the  coal-beds  contained  in  a 
number  of  localities.  A  summary  of  these  sections  is  given 
in  the  following  table  : 


IiOOATION  OF  SBOTIOHB. 

Total  thick- 
ness  of  coal 
measures. 

Totel    thick- 
ness  of  coal- 
beds. 

Northern  Fibld. 

Carbondale  Bcuin,  Forest  City  ooUiery,    .... 

*'              '•       near  Carbondale, 

Lackawanna  Basin,  near  Soranton,       

ITtlitef  Barre  BcMtn,  near  Wilkes  Barre,     .   .   . 
Nantieoke  Basin,  near  Nantiooke, 

807' 
282' 
688' 
867' 
918 

7" 
2" 

8" 

19'  6" 
18' 
67' 

86'  8" 
95'  6" 

Eabtbrn  Middle  Field. 

Black  Creek  Basin,  near  Gowen,     

«*         "        "       near  Ebervale, 

Hazleton  Basin,  Hazleton  colliery 

668' 
869' 
528' 

1" 
1" 

88'  1" 
86 

81'  4" 

Western  Middle  Field. 

Mahanoy  Basin,  Ellangowan  oolUery, 

Shamokin  Basin,  Trevorton  Estate, 

767' 
1408' 

107'  9 " 
117' 

Southern  Field. 

Panther  Creek  Basin,  near  Tamaqua, 

Ptiitsville  Basin,  near  PottsviUe, 

2168' 
3097' 

126' 
164' 
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The  thicknesses  assigned  to  the  coal-beds  does  not  repre- 
sent the  thicknesses  of  merchantable  coal  contained  in  the 
beds,  but  the  thickness  of  the  beds,  including  the  layers  of 
slate  and  bony  coal  contained  between  the  benches  of  good 
coal. 

On  the  accompanying  sheet  of  columnar  sections  of  the 
Anthracite  Coal  Measures,  showing  the  relationship  of  the 
coal-beds  in  areas,  mapped  by  the  Geological  Survey  prior 
to  January,  1886,  are  contained  15  sections,  which  exhibit 
the  number  and  average  thickness  of  the  coal-beds,  and  the 
thickness  of  the  rocks  between  the  coals,  for  each  of  the  15 
mine  sheets  which  have  so  far  been  published.  Six  of  these 
mine  sheets  relate  to  that  portion  of  the  Northern  Coal-field 
in  the  Wyoming  Valley,  between  Wilkes  Barre  and  Nanti- 
coke ;  two  relate  to  that  portion  of  the  Eastern  Middle  Coal- 
field, (Lehigh  Coal-field,) in  the  region  surrounding  Drifton 
and  Hazleton ;  four  of  them  embrace  the  eastern  end  of  the 
Western  Middle  (Mahanoy-Shamokin)  Coal-field,  between 
Delano  and  Ashland  ;  and  three  relate  to  the  extreme  east- 
ern end  of  the  Southern  Coal-field,  between  Mauch  Chunk 
and  Tamaqua,  which  latter  area  is  locally  known  as  the 
Panther  Creek  Coal-basin,  and  is  referred  to  generally  by 
the  coal  trade  as  the  Lower  Lehigh  region. 


Namb  of  Minb  Sheets  and  Location  of 

Sections. 


I 


0 


■a -a 

|8 


Nobthbrn  Coal-fibld. 

Wilkes  Barre,  ^Conyngham  shaft  and  Balti- 
more and  Rea  Ash  bore-holes,)* 

Kinsston,  (Kingston  shaft.  No.  3,) 

Ashley,  (Stanton  shaft  and  Empire  tunnel,)   . 

Plymouth,  (Plymouth  shaft,  No.  2,  and  bore- 
hole,)      

Warrior  Run,  (Hanover  bore-hole,)    .   . 

Nantiooke,  (Susquehanna  shafts,  Nos.  1  and  2,) 


1060' 

953' 

534' 

634' 

1047' 

1047' 

860^ 

851' 

707' 

676' 

1010* 

1010' 

05' 
57' 
90' 

106' 
46' 
93' 


*In  these  sections  is  included  the  Pottsville  Conglomerate  No.  XII. 
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«M 

*M  CO  it 

«M 

o 

*2i 

o 

Namx  of  Mihe  Shbbts  and  Looation  of 

Sbotions. 

Si! 

5S 

i 

It 

1 

Total 
ooai 

^  08  0  sa 

^  O  08^ 

Total 
coal 

Eastbbn  Middlb  Goal-field. 

Drifton,  (DHfton  bore-hole.  No.  8,  and  Latti- 

mer  bore-hole,  No.  2,)* 

761'  4" 

616'  8" 

71'  11" 

Hasleton,  (Hazleton  alopes,  Nos.  1  and  6,  and 

bore-hole  Na  19,)* - 

888'  1" 

624'  2" 

68'  3" 

Southern  Goal-field. 

Manch  Chunk,  (Rhume  Run  tunnel  and  Nea- 

quehoning  gap.*)*                                     .   •   • 
Lanaford,  (Lanaford*  baain  and  railroad  tun- 

1682' 

807' 

66' 

nel,)*                                              

1069'  8'' 

1444' 

87'  8" 

Tamiqua,  (Loouat  Mountain  gap,)  * 

8479' 

2294' 

126' 

Wbstebn  Middle  Goal-field. 

Delano,  (Eaat  Mahanoy  tunnel  and  Primroae 

oolliery,)*                                     ... 

1348' 

489' 

66' 

Bhenandoah,  (Ellangowan  and  Indian  Ridge 

ooliieriea,)* 

1193' 

898' 

118' 

Girardville.  (Hammond,  Preston,  and  Girard 
Mammoth  o-  liieriea,)* 

1612' 

969' 

83' 

Ashland,  (Bell's  tunnel  and  Potta*  oolliery,)  * 

1647' 

1188' 

106' 

Although  a  comparative  study  of  these  15  sections  will 
not  show  all  the  changes  in  the  thicknesses  of  the  rock  in- 
tervals and  coal-beds  in  those  portions  of  the  anthracite 
region  to  which  they  relate,  or  will  give  even  a  general  idea 
as  to  the  succession  of  the  strafa  and  their  individual  thick- 
nesses in  other  areas  in  the  coal-region,  yet  they  are  suffi- 
cient to  show  the  general  character  of  the  coal-basins,  as 
far  as  the  investigations  of  the  Geological  Survey  have  been 
carried,  and  in  a  measure  they  indicate  the  difficulties  which 
roust  always  beset  any  attempt,  to  establish  the  relation- 
ship of  the  coal  measure  sections  and  the  identity  of  coal- 
beds  over  extended  areas. 

The  thicknesses  assigned  to  the  Coal  Measures  above  the 
Buck  Mountain  coal-bed  may  be  taken  to  represent  fairly 


*  In  these  sections  is  included  the  Pottsville  Conglomerate  No.  XII. 
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the  thicknesses  of  the  productive  strata  above  thePotfsville 
Conglomerate.  I  do  not  consider  it  a  settled  question  that 
the  Buck  Mountain  coal-bed  marks  the  geological  division 
between  the  base  of  the  Anthracite  Productive  Coal  Meas- 
ures and  the  top  of  the  Pottsville  Conglomerate,  nor  is  it 
so  placed  on  all  of  the  sheets  of  the  Anthracite  Survey ;  it 
is  provisionally  considered  such,  however,  on  some  of  the 
published  sheets,  and  in  this  place,  as  a  matter  of  conve- 
nience, to  permit  of  a  systematic  comparison  of  the  sections 
referred  to  in  the  resi)ective  areas.  In  sections  Nos.  1,  7, 
8,  9,  10,  11,  and  12,  the  thicknesses  of  the  Pottsville  Con- 
glomerate have  been  measured.     They  are  as  follows : 


Na  of  Section. 

Locality. 

ThloknesB  of  No.  XII. 

1 

7. 

8. 

«, 

10 

11 

12, 

WilkeaBarre,  .... 

Lattimer, 

Hazieton, 

Neaquehoning,    .  .  . 

Lansford, 

Tamaana, 

East  Mahanoy  tnnnel, 

96' 
244' 
262' 
826' 
616' 
1191' 
844' 

From  these  figures  it  is  seen  that  the  conglomerate  is 
thickest  immediately  north  of  Tamaqua,  and  thinnest  im- 
mediately south  of  Wilkes  Barre,  being  1191  feet  thick  at 
the  former  locality,  and  96  feet  thick  at  the  latter. 

These  facts  would  seem  to  indicate  that  the  eastern  end 
of  the  Southern  Coal-field  was  nearer  the  source  from 
whence  the  sediment  forming  the  Pottsville  Conglomerate 
was  derived.  The  facts,  however,  are  not  sufficiently  ex- 
tended to  permit  of  a  satisfactory  explanation  of  the  dynam- 
ical conditions  existing  at  the  geological  time  during  which 
the  conglomerate  and  the  more  recent  rocks  of  the  Carbon- 
iferous Period  were  deposited.  In  a  general  way  it  might 
be  reasonably  inferred  that  the  conglomerate  thickened  pro- 
gressively between  any  two  sections  in  this  group.  Such, 
however,  is  not  the  case,  as  shown  by  the  following  facts : 
At  Hacklebarney  tunnel,  near  the  end  of  Sharp  mountain, 
back  of  Mauch  Chunk,  the  strata  from  the  base  of  the 
Mammoth  coal-bed  to  the  top  of  the  Mauch  Chunk-  Red 


con\i:ntional  characters 

adopted  fitrOw 

Cohnmuu  SecUon  Sheets 

ofth* 

Survey  of  the  AnOiracite  Coal  Fields. 
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Shale,  No.  XI,  measures  1611  feet.  These  strata  gradually 
thin  toward  the  south-west  to  900  feet  at  the  Lansford  Rail- 
road tunnel,  six  miles  distant.  The  thinning  of  the  strata, 
however,  betw^een  Hacklebarney  and  Nesquehoning  being 
more  gradual  than  the  thinning  between  Nesquehoning  and 
the  Railroad  tunnel,  the  minimum  thickness  of  these  strata 
in  the  Panther  Creek  basin  seems  to  exist  at  the  latter 
point ;  but  they  gradually  thicken  toward  the  south-west 
until  in  the  Locust  Mountain  gap,  eleven  miles  from  the 
Railroad  tunnel  they  measure  1700  feet  in  thickness. 

This  great  thickening  and  thinning  of  this  group  of  strata, 
in  comparatively  short  distances,  between  points  which  were 
probably  nearly  equi-distant,  from  the  source  of  the  sedi- 
ment composing  the  rocks,  is  most  probably  accounted  for 
by  the  existence  of  local  currents,  at  the  time  the  deposi- 
tion took  place. 

From  a  study  of  the  latter  facts  at  the  time  of  their  dis- 
covery in  1880, 1  was  disposed  to  believe,  as  has  already  been 
suggested  in  this  report,  that  the  thickening  of  the  Carbon- 
iferous strata  from  the  Lansford  Railroad  tunnel  east  to- 
ward Mauch  Chunk,  and  west  toward  Tamaqua,  might  in- 
dicate a  non-conformability  between  the  conglomerate  and 
the  underlying  Mauch  Chunk  Red  Shale,  No.  XI,  or  a  non- 
conformability  between  the  individual  strata  forming  the 
conglomerate  measures.  Subsequent  investigation  has  led 
me  to  conclude,  however,  that  it  will  be  impossible,  at  the 
present  time,  to  offer  a  final  explanation  of  this  phenome- 
non until  additional  facts  have  been  obtained. 

The  most  marked  differences  in  the  thicknesses  of  the 
Coal  Measures  above  the  top  of  the  Conglomerate  have  been 
found  to  exist  in  that  part  of  the  series  between  the  Mam- 
moth and  tiie  Buck  Mountain  coal-beds,  both  of  which  beds 
have  been  identified  in  the  areas  to  which  these  sections  re- 
late.    These  differences  are  shown  in  the  following  table  : 
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No.  of  Section. 

Tbiokneai    of    the 
T^rkMiifv                   strata  between    the 
^^°^*"^'                   Mammoth  and  Buck 

Monntain  ooal-bed& 

8. 

4. 

6,    ...... 

7      •    • 

Wllkea  Barre, 

Kinffston, 

Ashley,       

Plymouth, 

Nantiooke 

Drifton, 

309' 
265' 
398' 
257' 
476' 
273' 

8, 

9 

10, 

n 

12, 

18, 

14, 

16 

Hasleton,           

Neaqnetioning, 

Lansford,       

Tunaqna, 

East  of  Mahanoy  City,  . 

West  of  Mahanoy  City,    . 

GirardYille, 

Aahland, 

20B' 
431' 
437' 
500" 
213' 
156' 
260' 
226' 

The  greatest  variability  in  these  sections  is  shown  be- 
tween Locust  Mountain  gap  north  of  Tamaqna  and  the  East 
Mahanoy  Railroad  tnnnel,  the  latter  point  being  about  7 
miles  north-west  of  the  former. 

The  identity  suggested  for  the  two  prominent  coal-beds 
immediately  above  the  Mammoth  bed,  in  sections  Nos.  8  to 
15  inclusive,  can  only  be  considered  provisional,  although 
the  facts  at  present  at  command  would  seem  to  warrant  the 
conclusions  deduced. 

In  order  to  make  all  the  columnar  sections  of  the  anthra- 
cite region  easily  comparable,  in  a  graphical  way,  both  on 
the  atlas  sheets  and  in  the  report  where  these  sections  have 
been  drawn  in  a  vertical  column,  it  became  necessary  to 
adopt  a  uniform  sj^stem  of  shading,  to  represent  the  diflFerent 
character  of  strata.  After  a  careful  comparison  of  all  the 
conventional  signs  used  for  such  shading  by  different  gov- 
ernment surveys,  by  private  mining  engineers,  and  by  ex- 
I)ert  draughtsmen,  I  finally  proposed  the  system  represented 
on  the  accompanying  page  plate  No.  II.  This  system  is 
now  universally  used  by  the  Geological  Survey  in  shading 
all  Coal  Measure  columnat  sections. 

7.  Mining. 

The  general  methods  of  opening  the  anthracite  mines  are 
various,  depending  largely  upon  the  mode  of  occurrence  of 
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the  coal-bed.  The  early  mines  were  mostly  excavated  out 
of  the  coal-beds  above  water-level,  in  order  to  obtain  natural 
drainage.  This  was  accomplished,  (1)  by  quarrying  the 
coal  at  a  natural  outcrop,  as  at  the  old  Summit  Hill  mines, 
and  as  is  being  done  at  present  in  the  vicinity  of  Hazleton ; 

(2)  by  water-level  drifts,  driven  along  the  strike  of  the  bed ; 

(3)  by  water-level  tunnels  driven  across  the  coal-beds  per- 
pendicular to  the  strike  [the  drift  and  tunnel  plans  are  illus- 
trated by  many  of  the  abandoned  mines,  and  those  which 
are  still  being  worked  in  Schuylkill  and  south-western 
Carbon  counties ;]  (4)  by  slopes  driven  down  the  dip  of  the 
bed ;  and  (5)  by  vertical  shafts. 

Between  the  lowest  point  of  outlet  to  the  mine  and  the 
outcrop  of  the  coal-bed,  the  coal  is  worked  from  nearly 
horizontal  gangways  driven  along  the  strike  of  the  bed  ;  the 
coal  between  any  two  gangways  being  worked  out  from  the 
lower  one,  by  the  ordinary  pillar  and  breast  system.  In 
high  dipping  beds  the  lift,  or  distance  along  the  dip  of  the 
bed  between  any  two  gangways,  varies  from  75  to  100  yards. 
In  beds  with  low  dips  the  positions  of  the  gangways  are  de- 
pendent upon  local  conditions.  The  size  of  the  gangways, 
pillars,  and  breasts  or  chambers  varies  according  to  circum- 
stances. 

There  are  many  modifications  in  the  details  of  the  pillar 
and  breast  system,  that  most  generally  employed  in  the  re- 
gion, which  are  to  some  extent  dependent  upon  the  choice 
of  the  mine  superintendent,  but  more  generally  are  gov- 
erned by  the  lay  of  the  coal-bed,  its  thickness,  and  the  con- 
stitution and  character  of  the  enclosing  rocks. 

The  percentage  of  the  amount  of  coal  which  is  originally 
contained  in  the  ground  before  mining  is  commenced,  which 
is  left  in  as  pillars  for  roof  support,  and  the  percentage 
which  is  taken  out,  is  variable.  In  the  high  dipping  beds 
of  the  Panther  Creek  basin,  between  Tamaqua  and  Mauch 
Chunk,  the  percentage  of  coal  which  has  been  taken  out  of 
the  individual  mines,  from  their  original  opening  to  the 
present  time,  varies  between  61  and  65  per  cent.;  while  for 
the  entire  basin,  between  the  years  1820  and  1883,  the  amount 
of  coal  removed  was  59  per  cent.,  and  that  left  in  the  pillars 
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and  other  portions  of  the  mines  was  41  per  cent,  of  the 
original  contents. 

The  better  and  more  economical  methods  of  mining  which 
hav«  been  introduced  into  this  basin  during  the  past  few 
years  have  resulted  in  taking  out  of  the  mines,  for  the  years 
1881  and  1882,  70  per  cent,  of  the  original  coal  contained. 
In  other  portions  of  the  region,  notably  in  limited  sections 
of  the  Northern  Coal-field,  where  the  beds  do  not  dip  as 
steeply  as  in  the  Southern  field,  and  where  the  conditions 
for  more  economical  mining  generally  obtain,  as  much  as 
80  or  even  85  per  cent,  of  the  coal  originally  contained  is 
said  to  be  taken  out  of  the  mines. 

This  percentage  does  not  represent  the  amount  which  is 
converted  into  commercial  fuel,  since  the  coal  has  to  be 
broken  into  market  sizes  and  has  to  be  freed  from  the  slate 
and  bad  coal  which  is  mixed  with  the  good  coal  when 
sent  from. the  mine  to  the  breaker.  This  preparation  of  coal 
for  market  is  attended  with  great  waste.  In  the  Panther 
Creek  region,  between  the  years  1820  and  1883,  32  percent, 
of  the  coal  originally  contained  in  the  worked  areas  was 
sent  directly  from  the  mines  and  breakers  to  the  dirt 
banks  as  waste,  and  only  27  per  cent,  was  converted  into 
fuel  coal.  During  the  years  1881  and  1882  the  waste  coal 
only  amounted  to  24  per  cent,  of  the  original  contents,  and 
as  much  as  46  per  cent  was  converted  into  fuel  coal.  This 
shows  that  from  1820  to  1883  of  the  59  per  cent,  of  the 
original  contents  of  the  coal-beds  which  was  taken  out  of 
the  mines,  more  than  half  (56  per  cent.)  was  thrown  on  the 
waste  heap,  while  a  little  less  than  half  was  converted  into 
fuel.  During  the  years  1881  and  1882,  of  the  70  per  cent 
of  the  original  contents  taken  out  of  the  mines,  only  one 
third  (34  per  cent.)  was  thrown  on  the  waste  heap,  and  two 
thirds  were  converted  into  fuel.  This  gain  is  due  to  two 
causes:  First,  to  mechanical  improvements  and  greater 
economy  in  breaking  the  coal ;  and,  second,  to  the  present 
consumption  of  the  smaller  sizes  of  coal  which  were  for- 
merly thrown  away  on  the  dirt  bank. 

The  waste  in  the  prepaiution  of  coal  is  due  to  breaking, 
to  sci'eening,  and  to  attrition  while  the  coal  is  passing  from 
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the  shutes  to  the  pockets  and  market  cars.  This  waste  is 
dependent  upon  so  many  varying  conditions  connected  not 
only  with  the  construction  and  working  of  the  breaker,  but 
upon  the  character  of  individual  coals,  that  it  is  impossible 
to  give  an  average  for  the  region.  In  the  Shenandoah  dis- 
trict the  waste  in  breaking  and  preparing  the  Mammoth 
coal  at  a  number  of  collieries  was  found  to  be  15  per  cent. 
In  the  vicinity  of  Wilkes  Barre,  in  preparing  coal  from  the 
Red  Ash  bed  at  several  collieries,  but  6  per  cent,  of  waste 
was  obtained,  while  in  preparing  coal  from  the  Baltimore  or 
Mammoth  bed  about  11  percent,  of  waste  resulted.  In  the 
Shamokin  district  the  waste  from  breaking  and  screening 
is  reported  in  some  cases  to  be  as  high  as  25  and  30  per 
cent. 

The  utilization  of  the  waste  coal,  which  is  now  thrown  on 
the  dirt  or  culm  bank,  is  a  question  of  great  economical  im- 
portance to  this  region.  Several  methods  have  been  sug- 
gested for  preparing  the  fine  coal  and  manufacturing  it  into 
blocks  of  various  sizes,  none  of  which  have  yet  come  into 
general  use.  While  it  would  seem  to  be  practical  to  manu- 
facture such  fuel  under  parlicularly  favorable  conditions,  I 
believe  that  the  final  solution  of  the  problem  is  not  the 
manufacture  of  the  waste  coal  into  forms  which  would  make 
it  a  possible  fuel,  with  the  same,  conditions  of  combustion 
under  which  the  various  sizes  of  broken  anthracite  are  used, 
but  rather  to  manufacture  a  special  form  of  grate  and  fur- 
nace where  the  waste  coal  can  be  consumed  in  its  present 
form.  Of  course,  where  the  culm  is  filled  with  poor  coal 
and  slate,  this  must  be  removed  in  order  to  obtain  the  best 
results.  In  other  words,  the  design  of  the  furnaces  must 
be  adapted  to  the  existing  form  of  the  coal,  and  not  the 
form  of  the  coal  adapted  to  the  existing  forms  of  furnaces. 
I  believe  the  most  practical  results  in  making  use  of  waste 
coal  have  been  obtained  by  Mr.  J.  E.  Wootten,  General 
Manager  of  the  Philadelphia  and  Reading  Railroad,  who 
has  designed  a  special  form  of  grate  and  furnace  for  its  con- 
sumption in  its  natural  condition. 


Chapter  II. 

The  Class iflcatioil   and    Composition  of   Pennsylvania 

Anthracites. 

1,  Classification. 

The  manafacturingand  domestic  consumers  of  anthracite 
are  beginning  lo  realize  the  fact  more  fully,  that  the  coal 
purchased  for  any  one  year  does  not  seem  to  burn  so  freely, 
does  not  fire  with  so  little  trouble,  and  does  not  last  so  long 
as  that  purchased  during  other  years,  or  vice  versa.  Where 
coals  of  different  sizes,  or  from  different  districts,  are  offered 
to  the  trade  by  the  same  or  competing  salesmen,  the  ques- 
tion suggests  itself,  which  shall  we  buy  ? 

Among  housekeepers,  who  are  the  most  numerous  class 
of  consumers,  though  on  the  smallest  scale,  distinction  is 
seldom  recognized  among  these  anthracites*  By  other  con- 
sumers the  coals  are  grouped  into  those  which,  when  burned, 
will  produce  either  a  white  or  red  ash,  special  qualities  be- 
ing arbitrarily  attached  to  each.  Others,  agsun,  know  only 
of  three  varieties :  (1)  Those  from  the  Wyoming  and  Lacka- 
wanna fields,  or  the  coals  shipped  from  the  northernmost 
basins  over  the  railroads  running  through  north-eastern 
Pennsylvania  direct  to  New  York — notably,  the  Delaware, 
Lackawanna  and  Western,  Delaware  and  Hudson,  and  Erie 
Railways  ;  (2)  those  shipped  by  the  Lehigh  Valley  Railroad 
and  the  Lehigh  and  Susquehanna  division  of  the  Phila- 
delphia and  Reading  Railroad  down  the  Lehigh  Valley  ;  and 
(3)  those  shipped  over  the  main  line  of  the  Philadelphia 
and  Reading  Railroad  down  the  Schuylkill  Valley.  In  spec- 
ial localities,  where  a  favorite  coal  is  largely  used,  the  con- 
sumer will  speak  of  one  class,  composed  of  his  favorite  coal, 
which  possibly  comes  from  two  or  three  collieries,  with  a 
total  aggregate  annual  production  of  less  than  a  million 
tons  ;  and  of  a  second  class,  composed  of  the  coals  from  all 
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the  other  collieries  in  the  anthracite  region,  represented  by 
an  annual  production  of  over  thirty  million  tons.  This  can 
be  noticed  particularly  in  sections  of  New  England,  where 
even  an  intelligent  consumer  will  sometimes  speak  of  Ly- 
kens  Valley  coal  as  one  kind,  and  of  all  other  Pennsylvania 
anthracites  as  the  other  kind. 

One  of  the  most  extensively  discussed  questions  connected 
with  the  Pennsylvania  anthracite  and  bituminous  regions, 
and  one  about  which  the  most  unsatisfactory  conclusions 
liave  been  arrived  at,  has  been  the  classification  of  the  coals. 
The  original  division  of  our  Pennsylvania  coals  into  anthra- 
cite, semi-anthracite,  semi-bituminous,  and  bituminous, 
was  one  founded  largely  upon  their  geographical  distribu- 
tion, although  the  supposed  basis  was  the  chemical  compo- 
sition of  the  coals.  These  names,  as  thev  have  been  indel- 
ibly  fixed  upon  coals  produced  from  special  sections  or  in- 
dividual mines,  will  always,  to  some  extent,  be  made  use 
of  by  the  coal  ti'ade ;  they  have,  however,  no  scientific 
value.  An  interesting  discussion  ot  this  subject  was  con- 
tributed to  the  Transactions*  of  the  Institute,  by  Dr. 
Persifor  Frazer,  and  was  subsequently  published  in  Report 
MM  of  the  Second  Geological  Survey  of  Pennsylvania, 
As  a  result,  the  following  classification  f  is  suggested : 

ClaaBes  of  ooals.  Ratio  ^^:  1. 

Hard-dry  anthraoite, from  09:1  to  12:1 

8emi-anthraoite, from  12 : 1  to  8:1 

Semi-bituminouB, from  8 : 1  to   6:1 

BituminoiiB, from   6 : 1  to   0:1 

In  arranging  the  coals  under  this  classification,  and  many 
others  proposed,  the  accidental  impurities,  such  as  sulphur 
and  earthy  matter,  are  disregarded  in  the  analysis,  and  the 
fuel  constituents  are  alone  considered.     The  carbon-ratioj  of 

*  Voiame  VI^  page  431. 

fSee  Report  AC,  page  15. 

^ This  ratio  haa  always  been  referred  to  as  the  ^^  fuel-ratio.^*  While  this 
naming  is  commonly  used  I  have  found  that  it  conveys  a  wrong  impression  to 
pracUcal  men,  since  they  are  disposed  to  consider  a  coal  with  a  relatively  high 
fuel-ratio  a  better  fuel  than  a  coal  with  a  relatively  low  fuel-ratio.  Such  is  not 
the  case,  since  the  actual  power  of  a  coal  to  produce  heat  units  is  more  depen- 
dent upon  the  percentage  of  accidental  impurities  which  it  contains,  than  upon 


302  GEOLOGICAL  SURVEY  OF  PENN'a,  1885. 

each  coal,  or  the  fixed  carbon  divided  by  the  volatile  hydro- 
carbon, is  represented  by  the  first  term  of  the  ratio  ex- 
pressed in  the  t^ible  on  page  14.  While  this  classification 
is  probably  the  best  which  has  been  suggested  for  our  Penn- 
sylvania coals,  and  may  be  used  provisionally  as  a  scientific 
basis,  the  coals  as  at  present  graded  by  the  coal  trade  could 
not  be  arranged  under  this  or  any  other  chemical  classifica- 
tion ;  and  I  do  not  believe  that  we  have  sufficient  data  now 
at  command  to  suggest  a  final  arrangement  which  might  be 
considered  •a  scientific  rating  of  the  coals,  and  which  would 
be  accepted  by  the  coal  miners,  venders,  and  consumers. 

The  producers  and  sales  agents  classify  the  coal  from  in- 
dividual collieries  and  from  a  group  of  collieries  under 
special  heads.  The  individual  characteristics  which  are  as- 
signed to  each  separate  coal,  are  supposed  to  be  dependent 
upon  the  appearance  of  the  coal,  its  hardness,  the  ease  with 
which  it  burns,  and  the  color  of  its  ash,  or  the  locality 
from  which  it  is  obtained.  In  the  latter  case  the  geographi- 
cal name  is  indicative  of  the  recognized  character. 

Mr.  John  H.  Jones,  accountant  of  the  anthracite  trans- 
portation companies,  in  his  list  of  collieries  which  he  has 
been  in  the  habit  of  publishing  annually  until  the  past 
year,  has  noted,  in  addition  to  other  valuable  information, 
the  character,  as  reported  to  him,  of  the  coal  shipped  from 
each  colliery.  The  kind  of  coal  obtained  from  each  colliery 
has  been  often  arbitrarily  assumed  by  the  trade,*  and  the 

the  ratio  which  exists  between  the  fixed  carbon  and  the  volatile  hydro-carbon; 
if  this  was  not  so  a  bituminous  coal  with  a  Aiel-ratio  of  1,  that  is  a  coal  contain- 
ing equal  proportions  of  fixed  carbon  and  volatile  hydro-oarbcm» might  t>e  con- 
sidered to  be  worthless  as  a  heat  producer,  and  a  hard-dry  anthracite  with  a 
ftiel-ratio  of  99,  that  is,  a  coal  containing  99  times  more  fixed  carbon  than  vol- 
atile hydro-carbon  might  be  considered  the  highest  type  of  a  heat  producer, 
although  the  bituminous  coal  might  contain  only  4  per  cent,  of  ash  and  the 
anthracite  12  per  cent  In  order  to  prevent  such  erroneous  comparison  of 
coals  1  propose  to  substitute  the  name  ^^earbon-ratio  "  for  •*/tttf£-ratto." 

*A  prominent  anthracite  operator  related  to  me  an  incident  which  Ulns- 
trates  the  prejudices  of  the  trade  in  regard  to  the  values  of  coals.  This  gentle- 
man  was  operating  a  colliery  between  Shenandoah  and  Mt.  Garmei,  whl<A 
wss  connected  with  both  the  P.  <t  R.  R  R.,  which  transported  their  ooal  down 
the  Schuyllcill  Valley,  and  the  L.  V.  R.  R.,  which  shipped  their  coal  to  mar- 
ket down  the  Lehigh  river.  A  contract  was  made  for  regular  shipments  of 
CDsl  from  this  colliery  over  the  L.  V.  R.  R.  at  a  time  when  there  was  a  disorim- 
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fact  that  two  collieries  in  the  same  district  have  been  re- 
ported as  producing  the  same  kind  of  coal,  has  been  no  cer- 
tain criterion  of  the  true  worth  of  either  coal  to  the  con- 
sumer. 

In  some  cases  the  names  which  have  been  given  different 
coals  have  been  unquestionably  adopted  on  account  of  the 
favor  which  they  would  thereby  secure  with  the  trade  and 
consumers.  It  has  been  found  by  experien(*e  that  coal 
coming  for  several  months  from  certain  parts  of  the  mines, 
at  an  individual  colliery,  may  reasonably  be  called  a  red- 
ash  ;  and,  in  a  number  of  months  immediately  following, 
when  the  coal  is  brought  from  a  different  part  of  the  mines, 
it  would  more  fairly  be  called  a  white-ash.  The  name  by 
which  such  a  coal  is  known,  however,  may  not  be  changed 
on  account  of  an  absolute  difference  in  the  character  of  the 
coal,  but  when  the  fact  is  once  established  that  a  change  in 
name  will  warrant  a  more  favorable  reception  by  a  certain 
class  of  consumers,  and  that  the  sales  of  the  colliery  can 
thereby  be  increased,  it  will  quickly  insure  a  new  classifica- 
tion. 

The  coals  of  the  producing  collieries  during  the  year  1884 
have  been  classified  under  the  general  heads*  in  the  follow- 
ing table,  which,  in  addition,  shows  the  number  of  collier- 

ination  of  50  oents  between  the  Lehigh  and  SohuylkiU  ooals  in  favor  of  the  Le- 
high, the  ooal  trade  generaUy  understanding  that  Lehigh  ooal  was  ooal  shipped 
over  the  L.  V.  R.  R.,  and  Sohuylliill  ooal  that  shipped  over  the  P.  <fe  R.  R.  R. 

The  L.  V.  lateral  which  took  liis  ooal  to  the  main  line  of  the  road  was  tem- 
porarily dosed,  and  he  was  oompelled  in  oonsequenoe  to  fill  his  orders  by  ship, 
ment  over  the  P.  <ft  R.  R.  R.  But  a  few  days  elapsed  before  his  consignee 
oomplaiued  of  receiving  a  very  inferior  Schuylkill  coal  instead  of  the  superior 
Lehigh  coal  which  he  had  formerly  received,  and  the  operator  was  forced  to 
make  a  rebate  of  50  cents  a  ton  on  the  coal  which  he  had  temporarily  shipped 
over  the  P.  <fe  R.  R.  R. 

It  is  gratifying  to  know  that  among  the  m'>re  intelligent  consumers  no  dif- 
ference is  now  recognized  between  certain  coals  transported  through  the  Le- 
high Valley  and  others  through  the  Schuylkill  Valley.  In  fact  several  favorite 
brands  of  coal,  which  cannot  be  excelled,  are  now  shipped  almost  entirely 
down  the  Schayikill  Valley.   (See  First  Rep.  Anth.  Reg.,  p.  zxzi.) 

*This  grouping  of  the  coals  into  ten  classes  is,  without  doubt,  the  best  and 
fStdrest  which  has  ever  been  proposed  by  the  coal  trade,  and  is  now  extensively 
made  use  of.  In  many  of  the  market  reports  the  coals  are  divided  into  but 
two  claswe,  the  free-burning  and  hard  white  ash  coals.  In  this  connection  the 
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ies  producing  each  kind  of  coal,  and  in  the  amount  in  tons, 
and  percentage  of  each  : 


Cbaraoter  of  ooal. 

Number  of 
oollieries. 

Prodnotion 
1884. 

TOQS. 

Peroentage    o  f 
total    produo- 
tion  1884. 

1.  Free-burnlugWhite  Ash, 

2.  Hard  White  Ash,     .  .   . 
8.  Wyoming  Red  Ash,    .  . 
4.  Lehigh  Red  Ash,     .  .  . 
6.  Shamokin, 

6.  LylceDS  Valley  Red  Ash, 

7.  Schuyikill  Red  Ash,  .   . 

8.  Trevorton,                ... 

9.  Lorberry  Red  Ash,     .   . 
la  Bernioe  White  Ash,    .  . 

21.«i 

105 

14 

11 

29 

8 

14 

2 

4 

1 

17,109,623 

9,206,689 

1,727,965 

1,510,494 

1,409,854 

1,146,008 

227,467 

116,695 

101,886 

86,018 

62.41 

28.20 

5.8U 

4.68 

4.82 

8.60 

.71 

.86 

.31 

.26 

Total, 

401 

82,641,499 

100.00 

Mr.  Joseph  S.  Harris,  in  speaking  of  the  characteristics 
of  the  coals  produced  from  the  properties  of  the  Philadel- 
phia and  Reading  Coal  and  Iron  Com  pan  j^'  in  the  Western 
and  Southern  fields,  defines  the  characteristics  of  many  of 
these  different  varieties.  Althougli  his  definitions  were  not 
intended  to  include  the  coals  from  the  Eastern,  Middle,  and 
Northern  fields,  yet,  in  a  general  way,  they  may  be  consid- 
ered equally  applicable  to  the  special  coals  from  these 
latter  fields.     His  definitions  are  as  follows : 

(1.)  Hard  White- Ash.—** It  is  in  great  request  for  blast^famaoe  and  looo- 
motive  purposeSi  liaving,  to  an  unusual  degree,  tlie  qualities  of  rcsistiog 
change  of  form  under  high  beat  and  pressure,  and,  owing  to  its  high  peroent- 
age of  carbon,  it  is  valuable  for  producing  steam;  but  for  domestic  use  on  a 
small  scale,  and  for  open-grate  fires,  it  does  not  ignite  readily  enough  to  be  a 
favorite." 

(2.)  IVee-buming  TrAt7e-ii«A.—**  The  distinction  between  it  and  the  hard- 
following  prices  showing  the  fluctuations  of  anthracites  f.  o.  b.,  in  New  York 
Harbor  during  1885,  may  be  of  interest : 

.FYee-buming. 

Lump.       Grate.         Egg.         Stove.     Chestnut 

Lowest, 98.30  $8.00  |S.OO  «S.dO  98.10 

Highest, 8.45  8.25  8.40  4.10  8.60 

Hard  White  Aah, 

Lowest 94.25  98.85  98.25  94.00  98.40 

Highest, 4.75  8.50  8.40  4.25  8.75 
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baming  white-aah  ooai  is,  that  under  snoh  a  fire  as  is  ordinarily  used  for 
smelting  metals  or  producing  steam,  the  impurities  melt  or  clinker,  which  is 
not  the  case  with  the  harder  ooal.  This  practical  test  is  not,  however,  a  very 
exact  one.  Some  of  the  anthracites  can  be  dinkered  with  a  strong  draft  and 
with  a  thick  bed  of  fire,  and  would,  by  a  person  who  used  them  under  such 
circumstances,  be  classed  as  fre&-buming,  while  another,  whose  method  of 
burning  was  more  economical,  would  call  them  hard.  Analysis  shows  that 
the  free-burning  white-ash  coalsare  quite  as  rich  in  fixed  carbon,  and  that  they 
have  even  higher  heating  power,  as  tested  by  the  amountof  water  evaporated, 
than  the  harder  variety,  but  their  limited  range  of  usefulness,  which  is  due 
to  their  clinkering,  prevents  their  price  rising  as  high  as  the  hard  white-ash 
coal&" 

(8.)  Schuylkill  Red- Ash.— ^^ It  is  easily  ignited,  easy  to  keep  burning,  and 
where  used  in  open  grates  makes  less  floating  dust  than  white-ash  coal,  be- 
cause its  ash  is  composed  of  larger  particles,  and  on  account  of  the  oxide  of 
iron,  which  constitutes  its  coloring  matter,  has  greater  specific  gravity  than 
the  ash  of  the  white." 

(4.)  8hamokiv»—^*li  follows  in  hardness,  and  in  ease  of  ignition,  next  after 
the  free-burning  white-ash  coals,  and  is  used  still  more  especially  for  domestic 
purposes,  its  lower  percentage  of  carbon  making  it  ill-adapted  for  purposes 
requiring  intense  heat.*' 

(5.)  Lorberry  Red-Ash.^**lt  bums  with  a  little  flame,  and  is  much  in  re- 
quest for  domestic  uses  in  the  Eastern  market*' 

(6.)  Lykena  Valley  Red-Aah.—*^li  bums  with  considerable  flame,  and  is 
greatly  liked  in  the  Eastern  market  for  open  grates,  other  domestic  uses,  and 
for  steam  and  heating  purposes,  wherever  quick  heat  is  required.'' 

(7.)  Trevorion  or  North  Franklin  White-Ash, — ^The  coal  is  pure,  but  its 
heating  properties  are  rather  low,  and  it  is  of  to  fHable  a  nature  that  it  does 
not  stand  transportation  well.*' 

The  (8)  Wyoming  red-ash,  (9)  Lehigh  red-ash,  and  (10) 
Loyalsock  white-ash  are  not  referred  to  in  Mr.  Harris'  re- 
port. The  Wyoming  red-ash  is  similar  in  its  general  char- 
acteristics to  the  Schuylkill  red-ash.  The  Lehigh  red-ash 
is  very  similar  to  the  hard  white-ash  produced  from  the 
same  region,  with  the  exception  of  the  color  of  the  ash,  due 
to  the  presence  of  iron,  the  same  as  in  the  softer  red-ash 
from  Schuylkill,  while  the  Bemice  white-ash,  as  a  fuel,  is 
rated  by  many  coal  men  as  being  similar  to  the  Lykens 
Valley  coal,  except  in  the  color  of  the  ash.  The  geological 
structure  and  physical  characteristics  of  the  Bernice  and 
Lykens  Valley  beds  are,  however,  quite  different. 

The  following  table  shows  the  amount  of  the  different 
kinds  of  coal  produced  in  the  different  fields,  the  number 
of  producing  collieries  in  each  field  from  which  the  differ- 
ent varieties  of  coals  come,  and  the  proportion  produced, 
both  in  tons  and  per  cent  of  production : 
20 
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• 

GOAIi  FiBLD. 

Charaotbb  of  Coaim 

Number  of 
oolllerlee. 

11  • 

X  b  0(1 

a  a^ 

gal 

Northom,     .  .  . 

1  Free-bumhig  White-Ash,  . 
{  Wyoming  Red-Ash,    .  .  . 

Ttotal, 

165 

14 

14,688,812 
1,727,965 

44.96 
6.80 

169 

16,411,277 

50.28 

(  Hard  White-Ash, 

)  Lehigh  Bed-Ash, 

Ibtal, 

Eastern  Middle, 

44 

11 

8,688,190 
1,510,494 

10.99 
4.68 

65 

6,008,684 

16.68 

f  Hard  White-Ash, 

1  Free-burning  White-Ash, . 

]  Shamokln, 

iTrevorton, 

Total,     

f  lorkens  Valley  Red-Ash,  . 

Hard  White-Ash,     .... 
I  Free-burning  White-Ash, . 

SchuylkUl  Red-Ash,    .  .  . 
( Lorberry  Red-Ash,; .  .   .  . 

Total 

Western  Middle, 

46 

20 

29 

2 

4,572,762 

1,796,188 

1,409,854 

116,696 

14.01 

6.50 

4.82 

.86 

• 

97 

7,896,049 

24.19 

Southern,  •  •  •  • 

8 
15 
88 

14 

4 

1,145,008 

1,045,687 

629,473 

227,467 

101,886 

8.60 

8.20 

1.08 

.71 

.81 

79 

8,149,471 

9.65 

Lykens  Valley  White-Ash, 

Western  Northern 

1 

86,018 

0.26 

Grand  total. 

401 

82,641,499 

100.00 

It  is  not  possible  from  this  grouping  of  the  coals  to  infer 
that  all  of  the  hard-ash  coals  are  of  equal  value  to  con- 
sumers,* since  the  value  of  an  individual  coal  as  fuel  is 
sometimes  more  dependent  upon  the  care  with  which  it  is 

*In  this  connection  a  paper  recently  read  before  the  American  Institute  of 
Mining  Engineers,  by  Dr.  H.  M.  Chance  on  "The  Relative  Value  of  Coals  to 
the  Consumer,"  illustrated  by  a  comparison  of  the  coals  mined  from  the  Free- 
port  Lower  and  Eittannlng  Lower  bituminous  beds  of  north-western  Pennsyl- 
yania,  is  of  spedal  value. 
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prepared,  than  of  the  way  in  which  the  pnre  coal  ignites, 
burns,  or  the  color  of  the  ash  which  it  produces.  The 
grouping  of  the  coals  in  this  way,  however,  is  of  interest 
and  value  as  an  ii^dication  of  the  general  varieties  and  the 
amount  of  each  produced. 

2.  Composition  Pennsylvania  Anthracites, 

The  pressing  demand  which  has  been  made  on  the  Geo- 
logical Survey  of  Pennsylvania  for  some  information  as  to 
the  fuel- value  of  different  coals,  has  led  to  a  consideration 
of  what  is  the  composition  of  Pennsylvania  anthracite,  as  a 
preliminary  step  in  the  investigation. 

In  ascertaining  the  fuel-value  of  a  coal  the  primary  con- 
sideration is  an  estimation  of  its  calorific  power,  which  is 
generally  stated  in  units  of  weight  of  water  converted  into 
steam  by  the  combustion  of  one  unit  of  weight  of  coal. 
Analyses  showing  the  percentage  of  the  common  constitu- 
ents of  coal,  which  may  be  generally  classed  under  the 
heads  of  water,  volatile  matter,  fixed  carbon,  and  sulphur, 
and  the  amount  of  coke  produced,  are  all  important  ele- 
ments in  the  practical  valuation  of  a  fuel.     A  study  of  the 

characteristics  of  the  coal,  directly  connected  with  its  phys- 
ical structure,  and  a  determination  of  the  amount  of  slate 
and  slaty  coal  which  exists  in  the  market  product,  resulting 
from  poor  mining  and  imperfect  preparation,  but  which 
might  be  economically  removed  by  mechanical  separation, 
are,  also,  questions  of  great  importance  to  the  consumer. 

Professor  Charles  E.  Munroe,  in  an  important  paper  on 
**  The  Valuation  of  Coal,"  *  says  :  "  The  heat  developed  by 
a  fuel  depends  upon  the  union  of  the  carbon,  hydrogen,  and 
other  combustible  constituents  which  it  contains,  with  the 
oxygen  of  the  air,  and  since,  also,  the  heat  produced  by 
the  combustion  of  measured  quantities  of  each  of  these 
substances  in  oxygen  has  been  determined  with  great  accu- 
racy, it  would  appear  a  simple  thing  to  determine  the  calo- 
rific power  of  a  coal  by  subjecting  it  to  an  elementary  anal- 
ysis, and  calculating  from  the  weights  of  the  elementary 

*lVoc.  U.  8,  N,  Inat,  vol.  vl,  No.  xili,  page  222. 
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substances  obtained  the  heat  produced  by  its  combustion  ; 
and  this  method  has  been  followed,  to  a  considerable  ex- 
tent, in  the  past,  but  it  has  been  found  in  practice  to  give 
very  erroneous  results." 

This  conclusion  is  amply  borne  out  by  the  results  of  the 
investigation  of  many  pra,ctical  chemists  and  physicists. 
The  tests  of  Scheurer-Kestner  and  C.  Meunier,*  of  Euro- 
pean and  English  coals,  show  that  in  calculating  the  calo- 
rific power  by  the  ordinary  rule,  from  analyses  of  coal  spec- 
imens, and  determining  the  heat  of  combustion  by  direct 
experiment,  the  results  varied  at  times  as  much  as  15  per 
cent.  ;  those  based  on  chemical  analyses  always  being 
lower  than  those  determined  by  practical  experiment. 

The  governmental  researches  made  by  Proiessor  Johnson 
in  1842,  and  those  made  by  Quartermaster-Greneral  M.  C. 
Meigs,  and  reported  to  the  Secretary  of  War  in  January, 
1882,  prove  wide  differences  in  the  fuel-value  of  many  of 
the  Pennsylvania  anthracites,  and  clearly  indicate  the 
economy  in  the  purchase  of  special  coals,  although  at  the 
present  time  the  coal  trade  makes  no  reliable  distinction 
between  coals  which  by  tests  of  samples  have  been  shown 
to  have  different  evaporative  capacities. 

Mr.  William  Kent,  a  member  of  the  Institute,  who  has 
given  the  fuel  question  much  attention,  admits  that  chemi- 
cal analyses  and  especially  ultimate  analyses  for  total  car- 
bon, hydrogen,  oxygen,  and  nitrogen  are  valuable  guides 
in  estimating  the  calorific  power  of  coal,  when  properly 
burned,  although  he  claims  that  the  results  of  the  tests  of 
Johnson  and  Meigs  indicate  a  directly  opposite  conclusion. 

The  experimentsf  of  Professor  William  Foster  on  the 
composition  and  destructive  distillation  of  coal,  with  special 
reference  to  the  sulphur  and  nitrogen  contained  in  six  speci- 
mens of  coal,  representing  the  best  known  types  found  in 
many  parts  of  tlie  United  Kingdom,  and  taken  from  widely 
separated  localities,  with  the  view  of  making  the  results  as 
representative  as  possible,  together  with  a  discussion  of  the 

*Ann,phy8.  et  ehim.f  4  ser.,  t.  xxi,  et  xxvl. 
t  JVoc.  Inst»,  C,  E,f  vol.  Ixxvii,  part  ill. 
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paper  by  Mr.  I.  Lowthian  Bell,  and  Sir  Frederick  Bram- 
well  and  others,  are  of  the  greatest  value. 

A  review  of  the  work  of  the  above  and  other  investiga- 
tors proves  the  practical  necessity  of  there  being  made  new 
and  extensive  tests  as  to  the  proximate  composition  and 
fuel-value  of  American  coals. 

Such  tests  the  author  proposed  in  1883,*  should  be  made 
by  the  Second  Geological  Survey  of  Pennsylvania,  but  it 
is  doubtful  whether  any  State  could  afford  to  make  the  in- 
vestigation sufficiently  extended  to  be  of  the  greatest  value. 

Prof.  E.  P.  Dewey,  Curator  of  Metallurgy,  National 
Museum,  within  the  past  year  has  suggested  an  admirable 
plan  for  making  practical  tests  of  American  coals,  and  it  is 
hoped  Congress  may  make  necessary  appropriations  for 
carrying  this  work  on. 

In  the  absence  of  more  elaborate  tests,  a  statement  of  the 
composition  of  Pennsylvania  anthracite,  as  recently  de- 
termined by  Mr.  A.  S.  McCreath,  for  the  Geological  Survey ; 
and  by  Dr.  Charles  M.  Cresson,  for  the  Philadelphia  and 
Reading  Railroad  Company,  will  no  doubt  prove  of  interest 
and  value. 

Various  percentages  of  fixed  carbon  have  been  assigned 
by  different  authorities  to  a  typical  anthracite.  That  which 
has  been  most  generally  accepted  has  been  about  94,  with 
all  the  accidental  impurities,  such  as  those  which  are  gener- 
ally classified  under  ash  and  sulphur,  eliminated.  Professor 
Rogers  (final  report  of  the  First  Survey,  Vol.  II,  pp.  969, 
970.)  gives  analyses  of  fifteen  specimens  of  hard  dry  Penn- 
sylvania anthracites,  which  show  an  average :  of  fixed  car- 
bon. 88.06;  of  volatile  matter,  5.81 ;  of  ash,  6.14.  Elimin- 
ating the  ash  from  these  analyses,  the  percentage  of  the 
constituents  of  fuel  are  as  follows :  fixed  carbon,  93.8  ;  and 
volatile  matter,  6.2. 

The  range  of  fixed  carbon  in  the  analyses  of  these  fifteen 
specimens  was  from  94  to  80;  the  specimen  showing  the 
maximum  being  obtained  from  near  Pottsville,  and  that 
showing  the  minimum  from  near  Pine  Grove,  both  from  the 
■  ■  ■  » 

*Fir8i  Report  of  Progress  in  the  Anthracite  Coal  Region^  page  xxxl. 


310 


GEOLOGICAL  SURVEY  OF  PENN'a,  1885. 


Southern  field  in  Schuylkill  county.  The  range  in  volatile 
matter  in  the  fifteen  analyses  is  from  1.40  to  9.53  ;  the  mini- 
mum amount  being  in  the  same  Pottsville  specimen,  and 
the  maximum  in  a  specimen  from  Black  Spring  Gap. 
The  range  in  ash  was  from  2.90  in  a  specimen  from  Tamaqua, 
to  12.28  in  the  Pine  Grove  specimen.  These  results  are  cer- 
tainly misleading,  for  it  has  been  a  long-recognized  fact, 
that  the  coals  obtained  in  the  Southern  field  do  not  contain 
the  highest  percentages  of  fixed  carbon. 

Taylor  {Statistics  of  Coal ^  2d  ed.,  p.  609,)  gives  analyses 
of  a  number  of  Pennsylvania  anthracites  reported  from 
various  sources.  Twelve  specimens  from  the  Panther  Creek 
basin,  between  Mauch  Chunk  and  Tamaqua,  show  the  fol- 
lowing : 


Carbon,  .  . 
Volatile  matter, 
Ash, 


Average. 

Mazlmom. 

89.21 
6.88 
4.41 

92.60 
8.00 
7.00 

Minimum. 


86.00 
4.45 
1.28 


Six  specimens  from  the  Lehigh  region  gave : 


Fixed  oarbon,  . 
Volatile  matter, 
Aah, 


Average. 

Maximum. 

89.00 
7.05 
8.93 

92.80 
9.60 
8.73 

Minimum. 


85.84 
5.36 
1.28 


All  of  these  analyses,  particularly  those  giv^n  by  Taylor, 
are  constantly  quoted  in  numerous  descriptions  of  Penn- 
sylvania anthracite  found  in  technical  publications,  both 
at  home  and  abroad.  The  foreign  books  and  journals  have 
been  reporting  the  higher  results  ;  so  that  the  opinion  pre- 
vails, that  the  hard  dry  anthracite  mined  in  the  State  will 
range  from  90  to  94  per  cent,  of  fixed  carbon  in  the  market 
product.  Such  is,  however,  not  the  case,  as  the  recent  an- 
alyses made  by  Mr.  McCreath  show. 

•The  results  which  have  been  reported  in  the  Rogers  and 
Taylor  tables  referred  to  may  be  taken  as  those  of  analyses 
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of  tnineralogical  specimens,  which  were  in  most  cases  care- 
fully selected,  either  from  the  mined  coal  or  from  special 
portions  of  the  bed.  In  no  case,  it  is  believed,  are  the  an- 
alyses a  guarantee  of  the  character  of  the  coal  which  was 
being  mined  or  shipped  as  fuel  from  the  individual  locali- 
ties at  the  time  that  the  specimens  were  collected.  Even 
the  samples  which  were  collected  in  considerable  quantity, 
and  analyzed  and  tested  for  their  evaporative  capacity  by 
Johnson  for  the  Government,  in  1842,  were  not,  in  all  cases, 
fair  averages  of  the  coal  which  could  be  commanded  in  the 
market  from  the  different  mines  for  which  his  results  were 
reported. 

As  indications  of  the  composition  of  mineralogical  speci- 
mens, the  chemical  analysis  reported  by  Rogers  and  John- 
son are  of  little  scientific  value,  without  a  minute  descrip- 
tion of  the  physical  characteristics  and  geological  associa- 
tions of  the  coal  for  which  they  stand.  This  conclusion 
could  be  substantiated  by  a  number  of  instances  to  which 
reference  might  be  made ;  notably,  one  where  an  experienced 
mining  expert  was  requested  to  collect  duplicate  samples 
from  a  point  in  one  of  the  Mammoth  bed  mines ;  the  two 
samples  when  analyzed,  showed  the  following  results : 


Water. 

VolaUle 
matter. 

Fixed 
oarboD. 

Sulphur. 

Ash. 

Spedmen  Xa  1, 
Spedmen  No.  2, 

2.590 
2.440 

8.868 
3.998 

86.283 
80.801 

0.861 
0.649 

6.448 
12.612 

These  two  analyses  are  worthless  as  indications  of  the 
fuel-value  of  the  coal,  because  it  would  be  unreasonable  to 
suppose  that  either  the  first  or  the  second  sample,  showing 
such  a  wide  range  of  composition  from  the  other,  could  be 
taken  as  a  fair  average  of  the  coal  shipped  from  this  mine. 
Nor  are  these  analyses  of  scientific  value  without  certain 
facts  connected  with  the  occurrence  of  the  coal  at  this 
special  point  to  suggest  some  reason  why  such  a  wide  dif- 
ference should  exist. 

If  the  amount  of  combustible  matter  in  a  coal  is  any  cri- 
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tenon  of  its  fuel-value,  an  examination  which  has  recently  I 

been  made  by  the  survey  shows  how  ignorant  we  are  as  to 
the  actual  worth  of  the  different  coals  which  we  burn,  and 
how  readily  we  may  be  deceived  by  the  special  characteris- 
tics of  a  coal  which  we  may  have  noticed,  and  by  whicli  we 
may  have  judged  of  its  heating  capacity. 

In  order  to  test  the  value  to  be  attached  to  the  judgment 
of  the  trade  in  discriminating  between  different  coals,  one 
of  the  largest  miners  and  shippers  of  anthracite  coal,  who 
has  for  a  great  many  years  been  connected  with  the  mines 
over  a  wide  area  in  the  region,  was  requested  to  name  a 
number  of  coals  which  were  credited,  by  most  consumers, 
with  about  equal  value.  Samples  of  these  coals  were  col- 
lected from  one  or  two  hundred  tons,  as  they  were  ready 
to  be  shipped  to  market ;  the  amount  collected  from  each 
analysis  ranging  in  weight  from  one  to  two  hundred 
pounds,  which  was  then  reduced  by  the  ordinary  methods 
now  commonly  used  in  sampling  any  mineral  product  for 
qualitative  and  quantitative  tests.  The  number  of  samples 
obtained  in  this  way  was  thirty-three,  of  which  Mr.  Mc- 
Creath  reported  the  following  analyses. 

The  table  of  averages,  preceding  the  table  containing  the 
individual  analyses,  has  been  compiled  from  the  above  an- 
alyses ;  they  show  the  mean  character  of  the  coal  obtained 
from  the  more  important  coal-beds  in  the  Northern  field 
in  the  vicinity  of  Wilkes  Barre.  in  the  Eastern  Middle  (Le- 
high) field  in  the  vicinity  of  Hazleton,  in  the  Western  Mid- 
dle field  in  the  vicinity  of  Shenandoah,  and  in  the  Southern 
field  on  the  property  of  the  Lehigh  Coal  and  Navigation 
Company,  between  Mauch  Chunk  and  Tamaqua. 
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A  comparison  of  these  results  with  those  already  referred 
to,  as  given  by  Taylor  for  the  Panther  Creek  basin,  shows 
wide  diflFerences.  The  two  Primrose  and  seven  Mammoth 
samples  reported  in  the  table  for  the  Southern  field  came 
from  the  Panther  Creek  basin  ;  the  average  of  the  two 
Primrose  coals  indicating  1.29  per  cent.,  and  the  average  of 
the  seven  Mammoth  specimens  5.4  percent,  less  fixed  car- 
bon than  Taylor's  average  ;  the  minimum  fixed  carbon  in 
the  Survey's  analyses  being  78  as  against  86  in  Taylor's 
table,  and  the  Survey's  maximum  being  88  against  92.6. 

These  results  evidently  prove :  (1,)  that  the  samples 
which  were  collected  in  the  past  for  analyses  were  not  col- 
lected with  sufficient  cai'e  ;  for,  with  the  improvements 
which  have  been  made  in  the  breaker-machinery,  and  the 
greater  care  exercised  in  the  preparation  of  coal  for  market, 
we  might  reasonably  expect  to  find  the  higher  percentages 
in  the  more  recent  analyses ;  and  (2,)  the  necessity  of 
changing  the  basis  upon  which  Pennsylvania  anthracite  has 
been  rated  in  the  past. 

The  analyses  given  in  the  above  table  are  of  coals  from 
all  sizes  (mixed)  which  were  shipped  from  the  different  col- 
lieries. It  is  found  in  practice  that  after  the  coal  is  passed 
through  the  breaker  and  screened  into  different  sizes  for 
shipment,  the  purity  of  the  different  sizes,  as  regards  fixed 
carbon  and  ash,  is  very  different.  This  is  indicated  by  the 
following  analyses  of  specimens  collected  from  the  Hauto 
screen-building  of  the  Lehigh  Coal  and  Navigation  Com- 
pany: 


Kind  of  Goal. 


•Si 

^8 


u 

d 

p 

OQ 


< 


n 

& 


Color  of  Aah. 


Egg,    .  .  . 
Stove, 
Chestnut.  . 
Pea, 
Buckwheat, 


1.722 

8.518 

88.489 

.609 

5.662 

100 

1.426 

4.156 

83.672 

.672 

10. 174 

100 

1.732 

4.046 

80.715 

.841 

12.666 

100 

1.700 

8.891 

79. 045 

.697 

14.664 

100 

1.690 

4.058 

76. 918 

,  .714 

1 

16.620 

100 

liight  cream. 

Cream. 

Cream. 

Cream. 

Cream. 


These  coals  are  separated  into  different  sizes  according  to 
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the  mesh  of  the  screen  over  which  they  pass.  The  sizes 
noted  in  the  above  table  passed  over  and  through  sieve- 
meshes  of  the  following  dimensions  : 

InchtM.         Inches, 

Broken  or  grate, through  4  over  2. 5 

Egg, "       2.6  "    1.76 

Stove, "       1.76  *•    1.25 

Chertnut, "       1.26  •«     .76 

Pea, "         .76  "      .60 

Buokwheat, <•         .60  "      .26 

In  preparing  the  coal  for  market,  pieces  of  what  is  known 
as  bony  coal  are  picked  out  as  worthless  and  thrown  on  the 
dirt  bank.  The  luster  of  this  coal  is  dull,  and  it  has  a  can- 
nelly  appearance  ;  much  of  it  is  believed  to  be  as  good 
a  fuel  coal  as  that  which  is  shipped  from  the  same 
colliery  to  market.  In  fact,  analyses  recently  made  of 
three  specimens*  of  this  bony  coal,  from  a  certain  colliery, 
proved  them  to  contain  more  fuel-constitiients  than  the  coal 
which  was  sold  to  the  trade,  f  It  has  been  suggested  that 
the  good  bony  coal  be  called  "  camiel  antJiracitey 

All  the  analyses  upon  which  the  foregoing  statements  are 
based  w^ere  made  subseq  uent  to  the  writing  of  the  First  Re- 
port of  Progress^  and  are  given  in  detail  in  the  prefatory 
letter  to  that  report. 

In  the  State  report  (GGr)  on  the  geology  ofjLycoming  and 
Sullivan  counties,  a  number  of  analyses  of  Jthe  Bernice  or 
Loyalsock  coal  are  given.  The  characteristics  of  this  coal 
have  been  questioned  from  time  to  time,  not  only  by  the 
coal  trade,  but  by  analytical  chemists,  and  in  order  to  ob- 
tain some  proofs  as  to  whether  the  analyses  which  have 
been  previously  made  were  of  average  samples,  and  indi- 
cated the  general  characteristics  of  the  coal,  other  samples 
were  collected  during  the  past  year,  and  have  just  been  an- 
alyzed by  Mr.  McCreath,  with  the  following  results  : 


^8ee  Fir^t  Report  of  Progresa^  Anthrcteite  Coal  Region,  page  181. 

t  An  inddent  was  reoently  related  to  me  by  a  very  inteUigent  miner,  where 
he  was  severely  reproved  by  a  not  over-intelligent  mine  official  for  calling  at- 
tention to  the  fact  that  much  good  coal  was  evidently  being  thrown  away  on 
the  waste  dump,  merely  because  it  had  a  bony  or  oannelly  appearance. 
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''No.L" 

'*ko.t." 

*'No.S.'* 

"  No.  4." 

Water  at  2120  F.,  .  , 

.  .     3.670 

.976 

.654 

.650 

Volatile  matter,  .  . 

.  .    16.420 

9.969 

9.601 

9.405 

Fixed  oarbon,    .  .  . 

.   71.841 

8L286 

79.265 

88.691 

Sulphur, 

.   .       .694 

1.274 

.666 

.  Wiv 

Aahi 

.     8.975 

6.645 

9.915 

5.845 

100.00 

100.00 
Beddish 

100.00 

100.00 

Color  of  <uh. 

Oream. 

Gray. 

WhUe. 

Oray* 

Carbon-ratio,    .  .  . 

1:  4.68 

1:  &16 

1:  8.84 

1:  8.898 

Specimen  No.  1  is  from  what  is  known  as  Bed  A,  which 
underlies  the  working  seam,  and  which  is  not  mined.  The 
coal  from  this  bed,  which  occurs  sixty  feet  below  the  bed 
which  is  mined,  is  true  bituminous,*  while  the  coal  from  the 
working  seam,  and  whose  composition  is  shown  in  the  an- 
alyses of  specimens  2,  3,  and  4,  and  in  the  table  on  page 
14,  is  a  true  anthracite,  according  to  the  trade  classification, 
or  a  semi-anthracite  by  the  classification  referred  to  in  the 
early  part  of  this  paper. 

The  existence  of  these  two  beds  in  nearly  horizontal  posi- 
tions, with  only  sixty  feet  of  rock  between  them,  and  under 
geological  conditions  more  nearly  resembling  those  found 
in  the  Pennsylvania  bituminous  than  in  the  Pennsylvania 
anthracite  region,  is  unique. 

A  study  of  the  Bernice  anthracite  bed  and  of  the  under- 
lying  bituminous  bed  in  conjunction  with  a  consideration 
of  the  geological,  physical,  and  chemical  conditions  under 
which  the  other  Pennsylvania  anthracites,  the  Welsh  an- 
thracite, and  the  Belgian  bituminous  beds  exist,  would  seem 
to  lend  support  to  the  belief  that  the  change  of  the  original 
vegetable  deposits  into  anthracite  has  probably  been  effected 
to  a  great  extent  through  a  chemical  process,  by  which  a 
portion  of  the  carbon  has  been|oxidized.  forming  carbonic 
acid,  at  the  expense  of  the  combined  oxygen  ;  a  portion  of 
the  combined  hydrogen  has  been  oxidized,  forming  water ; 
and  a  portion  of  the  carbon  and  hydrogen  have  been  com- 


*The  oom position  of  a  speoimen  of  ooal  recently  taken  fh>m  Bed  A  at  the 
Meyiert  opening  is  quite  different  from  ttiat  talcen  from  the  Jackson  opening, 
of  which  No.  1  is  an  analysis.  See  chapter  on  the  Loyalsock-Mehoopany  Coal- 
field in  this  report. 


Ashburner.]   anthracite  region,  chap.  ii.  319 

bined,  forming  marsh-gas.  The  removal  of  the  marsh-gas 
(carbureted  hydrogen)  in  [this  way,  as  pointed  out  by  Bis- 
chof,  may  convert  bituminous  coal  into  anthracite. 

The  heat,  which  was  unquestionably  produced  in  the 
main  Pennsylvania  anthracite  fields,  during  the  plication 
of  the  strata,  has  possibly  helped  the  process,  and  the 
water,  which  was  held  by  the  strata  in  their  semi-plastic 
condition  at  the  end  of  the  Carboniferous  Period  when  the 
plication  took  place,  has  probably  been  a  potent  aid.*  The 
absence  of  great  convolutions  in  the  strata  of  the  Bernice 
coal  basin  would  not  necessarily  invalidate  this  suggested 
explanation,  since  the  time  at  which  the  Belgian  field  was 
plicated  and  the  geological  conditions  under  which,  it  took 
place,  may  account  for  the  coal-beds  being  bituminous 
rather  than  anthracite.  The  existence  of  two  coal-beds, 
one  bituminous  and  the  other  anthracite,  in  the  Bernice 
basin,  under  the  same  geological  conditions,  might  be  ac- 
counted for  more  readily  than  the  gradual  transition  of  a 
bituminous  bed  into  an  anthracite  bed  in  Wales. 

The  question  has  been  asked.  Why  should  the  coal-beds 
of  the  Pennsylvania  anthracite  basins  be  more  oxidized  than 
those  of  the  bituminous  fields  ?  In  reply.  Professor  Lesley 
suggests  this  answer:  "The  undisturbed  .western  coal- 
measures  consist  largely  of  clay  strata  ;  those  of  the  eastern 
coal  measures  consist  in  a  much  larger  proportion  of  sand 
and  gravel.  This  would  favor  the  superior  oxidation  of  the 
latter."  Another  important  consideration  is  the  fact  that 
the  circumstances,  subsequent  to  and  during  the  time  in 
which  the  vegetable  matter  which  composed  the  anthracite 
beds  was  accumulated,  were  probably  more  favorable  to 
this  oxidation.  While  the  plication  of  the  anthracite  re- 
gion would  not  seem  to  alone  satisfactorily  account  for  the 
origin  of  the  anthracite  character  of  the  coals,  yet  the  time 
and  circumstances  under  which  this  plication  took  place 
were  probably  more  favoi'able  to  the  formation  of  anthra- 
cite in  Pennsylvania  than  in  Belgium.     Many  ideas  con- 

*Daabr6e  has  shown  that  a  small  amount  of  water,  raised  to  a  temperature 
of  between  SOO^  and  400^  C.,  may  be  the  oause  of  rook  metamorphism. 
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nected  with  this  suggested  explanation  have  been  thrown 
out  by  a  number  of  noted  English  and  American  authori- 
ties, whom  the  author  hopes  to  cite  in  a  discussion  of  this 
subject  to  be  published  in  the  future,  and  who  are  not  noted 
in  this  brief  reference. 

In  January,  1885,  Dr.  Charles  M.  Cresson,  consulting 
chemist  of  the  Philadelphia  and  Reading  Coal  and  Iron 
Company,  placed  at  the  disposal  of  the  Geological  Survey, 
for  publication,  a  number  of  analyses  which  had  been  made 
for  his  company,  and  which  are  given  below.  These  an- 
alyses are  reproduced  here  from  Dr.  Cresson' s  manuscript 
tables,  and  they  form  a  valuable  contribution  to  the  Survey 
Report. 

Other  analyses  are  now  being  made,  of  the  average  of 
whole  beds,  of  samples  of  300  pounds,  which  are  drawn 
from  the  shutes  as  the  coal  stands  ready  for  shipment,  and 
Dr.  Cresson  has  offered  to  give  the  Survey  copies  of  them 
as  soon  as  they  are  finished. 

The  first  table  contains  analyses  of  the  different  benches 
of  coal  composing  the  individual  beds  for  which  the  analyses 
stand,  and  the  second  table  gives  the  analyses  of  samples 
of  the  coals  which  were  shipped  to  market  from  the  indi- 
vidual collieries  at  the  time  that  the  analyses  were  made. 
The  former  are  of  great  value  as  indications  of  the  relative 
fuel  value  of  the  different  portions  of  the  several  coal-beds, 
and  are  important  guides  to  the  most  economical  mining  of 
the  coal-beds,  in  order  to  obtain  the  best  marketable  pro- 
duct with  the  greatest  margin  of  profit,  and  the  latter  are 
of  special  interest  to  consumers. 
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Dr.  Cresson,  in  commenting  on  these  analj^ses  at  the  time 
that  printed  proofs  of  the  the  tables  were  submitted  to  him 
for  examination,  says : 

"It  must  not  be  forgotten  that  the  analyses  by  benches 
represent,  as  fairly  as  possible,  the  average  constitution  of 
each  bench,  and  that  the  analyses  by  collieries  represent 
very  fairly  the  coal  as  mined  for  the  market." 

"The  lirst  set  of  tables  were  intended  to  be  a  guide  to 
the  mining  operations,  and  the  second  set  of  tables  show 
whether  or  not  the  knowledge  gained  has  been  followed  out 
in  mining  by  the  exclusion  of  those  parts  of  the  vein  which 
contribute  inferior  product." 

These  results  of  Dr.  Cresson' s  are  of  great  value  to  the  coal 
trade,  and  they  would  prove  of  still  greater  practical  utility 
if  information  was  at  hand  to  publish  in  conjunction  with 
the  analyses,  as  to  the  method  by  which  the  samples  were 
collected.  Reference  to  this  has  already  been  made  on  page 
312,  and  the  details  connected  with  the  collection  of  the 
specimens  by  the  Survey,  for  the  analyses  which  have  been 
made  by  Mr.  McCreath,  and  reported  above,  are  given  with 
minuteness  in  the  First  Report  of  Progress  in  the  Anthra- 
cite Coal  Region,  page  xxxiii.  It  is  believed  thac  a  know- 
ledge of  such  details,  connected  with  the  sampling  of  coals, 
is  necessary  in  order  that  the  trade  may  make  practical  use 
of  coal  analyses,  either  in  the  sale  or  purchase  of  coal  from 
special  collieries. 


Chapter  III. 

Survey  of  the  Southern  Coal-field. 

The  geological  structure  of  the  Southern  Anthracite  field 
is,  without  doubt,  more  complicated,  and  its  study  attended 
with  greater  difficulties  than  that  of  any  other  portion  of 
the  region.  This  results  from  the  greater  columnar  thick- 
ness of  the  Coal  Measures,  contained  within  the  synclinals, 
which  are  generally  of  less  width,  in  proportion  to  their 
depth,  than  most  of  the  synclinals  in  other  parts  of  the  re- 
gion ;  in  consequence  the  dips  in  the  synclinals  and  along 
the  anticlinals  are  generally  much  steeper  than  elsewhere. 
These  facts  are  clearly  shown  in  the  tables  already  given  in 
the  general  description  of  the  Anthracite  Region,  where  the 
widths  and  depths  of  the  coal-ba»ins  and  the  thickness  of 
the  Coal  Measures,  and  the  coal-beds  included,  are  stated. 

The  only  place  in  the  Southern  field  where  the  survey 
has  been  completed  is  in  the  Panther  Creek  valley,  lying 
between  Mauch  Chunk  and  Tamaqua,  a  description  of  the 
geology  of  which  has  been  published  in  the  First  Report 
of  Progress.  The  original  plan  was  to  continue  this  survey 
west  from  Tamaqua,  when  that  east  of  the  same  place  had 
been  completed.  A  number  of  after  considerations  made 
it  necessary  to  abandon  this  plan. 

The  following  is  a  list  and  description  of  the  published 
sheets,  which  relate  to  the  Southern  field  : 
Mauch  Chunk,  Mine  and  Geological  Sheet  No.      I. 
Lansford,  "       ''  "  '*        "       II. 

Tamaqua,  *'       '*  "  ''       ''     III. 

drawn  on  a  scale  of  800  feet  to  1  inch,  irB^Trth  of  nature, 
showing  the  plan  of  all  the  mines  in  the  Panther  Creek 
valley,  and  the  shape  of  the  floor  of  the  Mammoth 
bed,  where  mined,  and  its  most  probable  structure  in 
undeveloped  areas,  by  contour  curve  lines,  50  feet  verti- 
cally apart. 

(825) 


326  GEOLOGICAL  SURVEY  OF  PENN'a,  1885. 

One  Topographical  Sheet,  scale  1,600  feet  to  1  inch, 
TTthnr^^  of  nature,  showing  the  topography  of  the  sur- 
face of  the  Panther  Creek  valley,  by  contour  curve  lines, 
10  feet  vertically  apart,  by  R.  P.  Rothwell,  Mining  En- 
gineer. 

Three  Cross  Section  Sheets,  scale  400  feet  to  1  inch, 
,-gV(rth  of  nature,  showing  the  geological  structure  of 
the  coal  basins,  by  12  cross  sections,  &c. 

Three  Columnar  Section  Sheets,  showing  the  thickness 
and  chai-acter  of  the  coal  measures,  scale  40  feet  to  1 
inch,  ^th  of  nature  ;  of  the  coal-beds,  scale  10  feet 
to  1  inch,  li^th  of  nature ;  and  of  the  Carboniferous 
(Pottsville)  Conglomerate,  scale  100  feet  to  1  inch,  jT^Virth 
of  nature. 

Three  Miscellaneous  Sheets  as  follows : 

Sheet  No.  I,  containing  a  diagram  showing  the  surface  area 
of  the  Panther  Creek  Coal-basin,  underlaid  by  the 
Mammoth  bed  (E  or  Top  Split)  and  the  actual  area  of 
the  floor  of  the  coal-bed  developed  into  a  horizontal 
plane,  scale  2,400  feet  to  1  inch,  T^^^j-^th  of  nature  ;  ac- 
companied by  tables  showing  the  surface  areas  of  the 
basin,  underlaid  by  the  G  and  P  (Upper  and  Lower  Red 
Ash,)  Mammoth  (E,)and  Buck  Mountain  coal-beds,  to- 
gether with  the  actual  area  of  the  floor  of  each  coal-bed 
in  acres  and  square  miles. 

Sheet  No.  II,  containing  a  preliminary  General  Map  of 
the  Anthracite  Coal-fields  of  Pennsylvania  and  adjoin- 
ing counties,  scale  Tnraoinr*^  ^^  nature,  columnar- sec- 
tions of  the  coal  measures  in  prominent  localities,  and 
a  list  of  the  operating  collieries  and  their  production 
in  1881. 

Sheet  No.  Ill,  diagram  and  tables  showing  the  annual  pro- 
duction of  anthracite  coal  in  Pennsylvania  since  1820, 
and  the  amount  produced  in  each  region,  together  with 
the  tonnage  of  the  transporting  companies,  since  1870, 
compiled  by  P.  W.  Sheafer,  Mining  Engineer,  and  John 
H.  Jones,  Accountant  of  the  transporting  companies. 

The  general  features  of  the  structure  of  the  coal-basins 
in  the  Southern  field  are  illustrated  by  the  Nesquehoning 
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cross-section  already  given  (Fig.  2,  page  283).  The  details 
of  the  structure  in  each  locality  will  be  found  to  differ,  of 
course,  from  the  details  in  the  Nesquehoning  section. 

A  general  idea  of  the  columnar  structure  of  the  Coal 
Measures  and  the  relationship  of  the  coal-beds  can  be  gotten 
from  the  following  two  sections  ;  one  measured  in  the  vicin- 
ity of  Tamaqua  and  the  other  in  the  Pottsville  district. 
The  relationship  of  these  sections,  to  others  in  the  anthra- 
cite region,  is  shown  on  miscellaneous  sheet  No.  11,  in  the 
Panther  Creek  atlas,  (Atlas  Southern  Anthracite  Field, 
Vol.  I,  AA.) 

Section  in  the  Panther  Creek  Basin^  at  Tamaqua, — Au- 
thority:  Lehigh  Coal  and  Navigation  Company  and 
Geological  Survey.* 

upper  Red  Aah  Oroup,  Rock,  Coal  beds.  Total. 

1.  Interval 216'  to    216' 

2.  Third  Uppbb  Rbd  Abh  coai«-bbo,  .  1'         to    217' 
8.  Interval, 63'  to    280' 

4.  Second  Upper  Red  Ash  coai«-bbd,  3'         to  283' 

5.  Interval,  .   .                                        .   .    106'  to  889' 

6.  First  Uppbb  Red  Ash  ooai/-bbd,   .  4'          to  398' 

7.  Interval,         ....  .   .  .  .  ^ 

Lower  Red  Aah  Group, >  158'  to  661' 

7.  Interval, ' 

8.  Coal-bed,     x                                      ^  2'         to  668' 

9.  Interval,     .  i  Second  Twin  beds,  <     18'  to  666' 

10.  COAI/-BBD,      J                                             (  2'           to  668' 

11.  Interval, 128'                     to  696' 

12.  Coal-bed,  •  >  )                                   t  2'         to  698' 
18.  Interval,     .  .  >  Fibst  Twin  beds,  \  13'                    to  711' 

14.  Coal-bed,  .  .   5                                   C  2'         to    713' 

15.  Interval,     38'                     to    751' 

16.  Jock  coal-bed, V         to    758' 

17.  Interval, 92'                     to    860' 

18.  Washington  COAL-BED, 8'         to   858' 

19.  Interval, 84'                     to    987' 

20.  O,  OR  Upper  Red  Ash,  coal-bed,  .  6'         to    943' 

21.  Interval,         46'                     to    989' 

22.  Bony  coal-bed, 4'          to    993' 

23.  Interval,     .                    55'                     to  1048' 

24.  F,  or  Lower  Red  Ash,  coal-bed,    .  10'         to  1058' 

White  Aah  Group. 

25.  Interval, 211'  to  1269' 

*8ee  mine  sheet  No.  Ill  and  Coloinnar  Seotlon  sheet  No.  II. 
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•   •  •  • 


26.  E  COAI<-BED, 

27.  Interval,    .  .  . 

28.  Cross-cut  coai<-bed, 


f  24'  to  12W 

^^^'       I      46'  to  1838' 

MOTH 


>       ""*"       ^  6'  to  1348' 

29.  Interval, j        ^j^^       \     48'  to  1391' 

to  1403' 


80.  D  coal-bed,    .  .  .  .   ;        *"^'        I  12' 

81.  Interval, 122'                     to  1625' 

82.  C  COAi>BED 8'          to  1633' 

83.  Interval,     176'                     to  1708' 

84.  COAI/-BED 

85.  Interval,     55'                     to  1763' 

86.  B  OOAI/-BBD, 9'          to  1772' 

87.  Interval,     116'                     to  1887' 

88.  A  COAL-BED,     16'          to  1908' 

Lykens  Valley  Oroup. 

89.  Interval, 240'                     to  2148' 

40.  Upper  IjTKens  Valley  coal-bed,  6'         to  2149' 

41.  Interval, 146'                     to  2294' 

42.  Lower  Ltkbns  Valley  coal-bed,  ? 


Total  thicknesB  of  rock, 2168' 

««         *<  coal-beds,    ...  126' 

**         **  coal  meaanres,    .  2294' 

This  section  is  unlike  the  section  given  for  the  Pottsville 
basin,  inasmuch  as  it  represents  the  succession  of  sti-ata  in 
one  locality.  The  measurements  were  made  in  and  about 
the  mines  north  of  Tamaqua,  on  the  east  side  of  the  Little 
Schuylkill  river,  and  through  the  Locust  Mountain  gap, 
where  the  entire  series  of  strata,  represented  in  the  section, 
dip  away  from  the  Locust  Mountain  south-west,  toward  the 
town  of  Tamaqua,  to  a  point  on  the  river  midway  between 
Elm  and  Vine  streets.  Here  a  reverae  dip  on  the  south  side 
of  the  Panther  Creek  basin  is  encountered,  the  center  of  the 
basin  or  synclinal  being  located  at  this  point.  In  other 
words,  if  a  diamond  drill-hole  should  be  started  at  the  point 
indicated,  and  drilled  in  a  direction  (N.  18°  30'  W.)  perpen- 
dicular to  the  strike  of  the  rocks,  and  at  the  same  time  per- 
pendicular to  the  dip  or  pitch  of  the  beds,  or  at  an  angle  of 
30  degrees  with  the  horizon,  the  section  here  given  should 
show  the  coal-beds  and  their  distances  aj^art,  as  they  would 
be  found  in  the  drill-hole.* 

*The  coal-beds  at  Tamaqua  were  originally  named  from  A  to  T;  A  being 
the  liret  bed  which  was  known  at  that  time  in  the  Locust  Mountain  gap  going 
south,  and  T  being  the  most  southern  bed  which  was  known  to  exist  in  the  * 
Sharp  Mountain  gap.    Although  it  was  a  well-recognised  foot  by  those  who 
had  some  understanding  of  the  geology  of  the  Tamaqua  section,  that  the  same 
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Section  in  the  Pottsmlle  Basin — Authority:  Philadelphia 
and  Reading  Coal  and  Iron  Company. 

Belmottt  Estate^  east  of  Po'Uv\lle»  Rock,  Coal  beds*  Total. 

1.  Lewis  ooai«-bed, 8'  to       8' 

2.  Interval, 210'  to    218' 

8.  SpOUN  GOAIr-BBD, 8'  to    226' 

4.  Interval, 210'  to    486' 

6.  PaLMBB  OOAI/-BBD, 8'  to    489' 

6.  Interval, 263'  to    702' 

7.  Chablib  Pott  coal-bbd, 3'  to    705' 

8.  Interval 78'  to    783' 

9.  CLABK80N  OOAI/-BED, 7'  tO     790' 

la  Interval, 83'  to    873' 

11.  SBLKIBK  COAI/-BED,  V  to    880' 

12.  Interval,         120'  to  1000' 

18.  Lbadbb  of  ooAii, 3'  to  1003' 

14.  Interval, 45'  to  1048' 

In  vicinity  of  Pottsville  Shafts.  . 

15.  Pbach  Mountain  coai/-bbd,  ....  5'  to  1053' 

16.  Interval,     60'  to  1113' 

17.  Coai<-bbd, 3'  to  1116' 

18.  Interval 58  to  1174' 

19.  Little  Tbaot  coal-bed, 6'  to  1180' 

2a  Interval,     198'  to  1378' 

21.  Coai^bed, 2'  to  1380' 

22.  Interval, 40'  to  1420' 

28.  Little  Diamond  coai/-bbd,  ....  3'  to  1423' 

24.  Interval,         ....      122'  to  1545' 

25.  Diamond  coal-bed, 6'  to  1551* 

26.  Interval 168'  to  1709' 

27.  Little  Obchabd  coal-bed,  ....  3'  to  1712' 

28.  Interval,  25'  to  1737' 

29.  Obchabd  coal-bed, 4'  to  1741' 

3a  Interval,  190'  to  1931' 

31.  PbIMBOSE  COAI/-BED, 8'  to  1939' 

32.  Interval, 91'  to  2030' 

33.  Holmes  coal-bed, 4'  to  2034' 

34.  Interval, 70'  to  2104' 

85.  Leadebof-Coal, 4'  to  2108' 

86.  Interval,     .  .  140'  to  2248' 

87.  Mammoth  (Top  Split)  coal-bed,  .  7'  to  2255' 

38.  Interval, 15'  to  2270' 

89.  Mammoth  (Bottom  Split)  coal-bed  25'  to  2296' 

bed  at  different  outorops  and  In  different  basins  was  assif^ed  different  letters, 

yet  the  idea  that  there  were  actoally  20  individual  ooal-beds,  one  above  the 
other,  at  T^maqua,  was  quite  prevalent.  My  attention  was  only  recently 
Qslled  to  this  fact  by  an  engineer  in  the  region,  who  thought  that  even  now, 
there  were  many  persons  in  the  coal  region  who  believed  in  the  existence  of 
all  of  these  separate  beds. 
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40.  Interval, W                     to  2355' 

41.  Sktdxobe  coal-bed, 8'           to  2963 

42.  Interval, 72'                     to  2436' 

43.  Sb yen-Foot  coal-bed, 3'           to  2438' 

44.  Interval,         80'                     to  2518' 

45.  Lead  KB  op  coai«. 

46.  Interval,     25'                     to  2643' 

47.  Leader  of  coal,         2'           to  2545' 

48.  Interval, 25'                     to  2570' 

49.  Buck  Mountain  coal-bed,    ....  8'          to  2578' 

Eekert  Colliery,  Tremont. 

50.  Interval, 554'                      to  3132' 

51.  Coal-bed, 2'          to  8134' 

52.  Interval, 50'         to  3184' 

53.  Coal-bbd, 2'     to  3186' 

54.  Interval 55'                     to  3241' 

55.  Lykens  Valley  coal-bed 10'           to  3251' 

Total  thicknen  of  rook, 8097' 

<'  •<  ooal-beda,       .  .  154' 

**  **  ooal  measares,  .  8251' 

The  upper  part  of  this  section,  above  the  Peach  Mount- 
ain bed,  is  located  about  14  miles  (air-line)  east  of  Tremont, 
at  which  point  the  lower  part  of  the  section  below  the  Buck 
Mountain  bed  has  been  measured,  while  the  section  between 
these  two  beds,  (Peach  Mountain  and  Buck  Mountain,) 
measured  in  the  vicinity  of  the  Pottsville  shafts,  is  between 
Tremont  and  the  Belmont  estate — in  fact,  but  a  short  dis- 
tance west  of  the  latter  locality.  The  entire  section,  as  it 
has  been  compiled  and  reported  to  me  by  Mr.  Bard  Wells, 
late  Assistant  Geologist,  may  be  said  to  represent  fairly  the 
succession  and  thickness  of  the  strata  of  the  Southern 
field,  but  does  not  necessarily  represent  what  would  be  ab- 
solutely found  in  any  one  place  by  commencing  to  drill  in 
the  Lewis  bed  and  piercing  the  entire  series  down  to  the 
Lykens  Valley  coal-bed. 

The  names  assigned  to  the  beds  in  this  section  are  not 
universally  accepted  by  the  local  engineers  and  geologists 
in  the  Southern  field.  Other  systems  of  naming  have  been 
reported,  which  may  ultimately  prove  preferable  to  the 
above.  A  discussion  of  this  subject  is  deferred  until  the 
final  report. 

Prior  to  the  year  1858  the  Schuylkill  region,  which  has 
always  been  considered  to  include  all  the  Western  Middle 
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Coal-field,  and  that  portion  of  the  Southern  Coal-field  west 
of  Tamaqua,  produced  more  than  one  half  of  all  the  an- 
thracite coal  mined  in  Pennsylvania.  Most  of  this  coal 
was  taken  from  the  Southern  field,  which  was  the  scene  of 
the  most  active  mining  operations,  especially  in  the  two 
decades  immediately  preceding  1858.  Most  of  this  early 
mining  had  been  done  in  coal-beds  situated  above  water- 
level.  As  much  of  the  coal  above  water-level  became  grad- 
ually exhausted,  it  was  necessary  to  mine  below  this  level. 
When  it  becanie  necessary  for  the  operators  to  sink  slopes 
and  shafts  to  obtain  coal,  those  portions  of  the  region  were 
sought  where  the  basins  were  the  shallowest  and  the  dip  the 
flattest ;  and,  in  consequence,  subsequent  to  1858  mining 
operations  were  gradually  extended  throughout  the  Wyo- 
ming, Lackawanna,  Mahanoy,  Shenandoah,  Shamokin,  and 
Lehigh  regions. 

Mining  operations  in  the  Southern  Coal-field  were  grad- 
ually abandoned,  not  because  the  lands  upon  which  they 
had  been  carried  on  were  either  exhausted  or  contained  no 
good  coal,  but  because  the  coal,  dipping  at  high  angles,  oc- 
curred at  considerable  depths  below  the  surface,  and  could 
not  be  so  economically  worked. 

The  location  of  the  most  active  developments  during  the 
two  years  preceding  1885,  can  be  best  seen  from  the  fol- 
lowing table,  showing  the  production  of  the  individual  coal- 
fields : 

Field,  188S. 

Tons.* 

Northern  Field,       .   .  16,570,425 

Eastern  Middle  Field,  .   5,586,397 

Weetem  Middle  Field,  8,552,915 

Southern  I^Meld,     .  .   .   8,161,718 

Loyaleook  Field,   .  .   .        84,876 

Total  production,  .  88,955,831        100.00         82,641,499        100.00 

During  the  time  that  mining  was  most  extensively  car- 
ried on  in  the  Southern  field,  it  was  mostlv  in  the  interest 
of  small  corporations  or  of  individual  operators,  and  much 
of  the  most  valuable  information  which  was  obtained,  con- 
nected not  only  with  these  mines,  but  with  the  geological 

*  2,240  pounds. 


188S. 

1884. 

1884. 

Percentage. 

Tons. 

JPercentage. 

48.80 

16,411,277 

50.28 

16.45 

5,098,684 

15.62 

25.19 

7,896,049 

24.19 

9.31      • 

8,149,471 

9.65 

0.25 

86,018 

0.26 
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Structure  which  they  encountered,  is  contained  in  memo- 
randa, on  maps  or  sections  most  of  which  are  in  the  private 
possession  of  persons  who  were  connected  with  this  devel- 
opment. This  material  is  being  gradually  scattered,  due 
either  to  the  latjk  of  present  pecuniary  interest  in  the  pro- 
perties to  which  it  relates,  on  the  part  of  the  persons  hold- 
ing it,  or  to  the  death  of  the  persons  who  are  sufficiently 
familiar  with  the  records  to  explain  them. 

These  facts,  together  with  the  intricacies  connected 
with  the  geological  structure,  make  it  desirable  that  the 
survey  of  this  interesting  region  should  be  continuously 
prosecuted.  The  insufficient  State  appropriation  made  to 
the  Survey,  and  the  demand  for  the  commencement  of  work 
in  other  coal- fields,  already  referred  to  at  considerable  length, 
made  it  necessary  to  temporarily  postpone  work  in  this  field, 
where  moi*e  work  had  already  been  done  than  in  any  other 
one  district. 

A  necessary  antecedent  to  geological  work  in  the  Southern 
field  is  an  accurate  topographical  map  showing  the  surface 
features  by  contour  curve  lines.  It  is  my  purpose  to  make 
such  a  survey  and  construct  such  a  map  on  a  scale  of  600 
feet  to  1  inch,  with  contour  curve  lines  10  feet  vertically 
apart,  of  the  entire  Southern  Coal-field  west  of  Tamaqua, 
before  making  any  special  geological  investigations  within 
this  area. 

It  is  hoped  that  the  Legislature  of  1887  may  make  an  ap- 
propriation sufficient  to  enable  this  topographical  work  to 
be  commenced. 


Chapter  IV. 

Survey  of  the  Western  Middle  Coalfield. 

The  survey  of  the  Western  Middle  Anthracite  field  was 
commenced  in  the  vicinity  of  Mahanoy  City  and  Shenan- 
doah in  August,  1880.  The  area  between  these  two  towns 
was  selected  as  a  starting  point  for  the  survey  in  this  field 
on  account  of  the  extensive  mining  which  had  been  carried 
on  in  this  locality,  and  the  complete  shape  of  the  maps  and 
sections  made  by  the  engineers  of  the  Philadelphia  and 
Reading  Coal  and  Iron  Co.,  relative  to  the  Mahanoy  and 
Shenandoah  mines.  At  that  time  a  definite  plan  for  carry- 
ing on  the  anthracite  survey  had  not  been  formed,  and  it  was 
thought  that  the  necessary  studies  could  be  best  made  here, 
which  would  enable  me  to  devise  a  general  plan  of  work  for 

the  entire  region. 

The  map  and  sections  of  this  territory  which  were  com- 
pleted by  the  first  of  December,  1880,  were  placed  immedi- 
ately in  the  engraver's  hands  for  printing,  and  were  subse- 
quently published  in  Report  A^,  upon  the  "  Causes,  Kinds, 
and  Amount  of  Waste  of  Anthracite,"  by  Franklin  Piatt, 
which  was  issued  early  in  the  year  1881.  In  the  preparation 
of  this  map  I  was  aided  by  my  assistants,  Messrs.  A.  W. 
Sheafer  and  (t.  Morris,  and  by  the  mining  engineers  of  the 
Philadelphia  and  Reading  Coal  and  Iron  Co.  This  map 
formed  a  basis  of  a  common  plan  which  was  subsequently 
adopted  for  mapping  the  entire  region. 

In  addition  to  this  map,  which  was  published  in  Report 
A*,  a  special  edition  was  printed,  which  was  accompanied 
by  a  short  descriptive  pamphlet  and  freely  circulated 
throagh  the  coal-fields,  liberal  criticism  being  solicited  from 
raining  engineers  and  coal  operators.  The  map  was  gener- 
ally approved,  and  the  plan  was  commented*  upon  by  many 
of  the  mining  engineers,  who  accepted  it  as  the  best  which 
could  be  designed  for  carrying  on  the  work.     In  July,  1881, 

(338) 
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a  corps  was  regnlarlj'  organized,  under  my  personal  direc- 
tion and  under  the  immediate  field  supervision  of  Mr.  A. 
W.  Sheafer,  who  continued  in  charge  of  the  field  party 
until  June,  1882,  when  he  resigned  from  the  Survey,  and 
was  succeeded  by  Mr.  Bard  Wells,  who  was  in  charge  of 
the  field  party  until  September,  1885,  when  he  too  resigned 
his  commission  in  order  to  form  more  lucrative  private  con- 
nections. 

During  the  last  three  years  Mr.  Wells  was  directly  as- 
sisted by  Mr.  H.  N.  Sims  and  several  field  aids.  All  of 
these  gentlemen  have  shown  a  personal  interest  in  the  work ; 
and,  by  their  faithful  and  conscientious  methods  have  ac- 
complished fiattering  results. 

The  sheets  which  have  so  far  been  published,  and  which 
relate  to  this  coal-field,  are  contained  in  the  Western  Mid- 
dle Coal-field  Atlas,  Part  I,  which  is  composed  of  11  sheets, 
as  follows : 

Four  Mink  and  Geological  Sheets,  scale  800  feet  to  1 
inch,  -g^jVir^h  of  nature  showing  the  plan  of  all  the  mines 
and  the  shape  of  the  floor  of  the  Mammoth  Bed,  where 
mined,  and  its  most  probable  structure  in  undeveloped 
areas,  by  contour  curve  lines,  50  feet  vertically  apart. 

1.  No.  I,  Delano  Sheet,  between  Delano  and  Mahanoy 

City,  in  Schuylkill  county. 

2.  No.  II,  Shenandoah  Sheet,  between  Mahanoy  City, 

Shenandoah,  and  Gilberton,  in  Schuylkill  county. 

3.  No.  Ill,  GiRARDViLLE  SiiEET,  in  viciuity  of  Pmckville 

and  Girardville,  in  Schuvlkill  and  Columbia  counties. 

4.  No.  IV,  Ashland  Sheet,  in  vicinity  of  Ashland,  Locust 

Dale,  Centralia  and  Montana,  in  Schuylkill,  Columbia, 
and  Northumberland  counties. 
Three  Topographical  Sheei^s,  scale  1600  feet  to  one  inch, 
TdiT(r^h  of  nature,  showing  the  topography  of  the  sur- 
face by  contour  curve  lines  10  feet  vertically  apart. 

5.  No.  I,  Mahanoy  City  and  Delano  Sheet,  in  the  vi- 

cinity of  Quakake  Junction,  Delano,  and  Mahanoy 
City,  in  Schuylkill  county  ;  embraces  the  area  on  Mine 
Sheet  No.  I. 
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6.  No.  II,  Shenandoah  and  Girardville  Sheet,  in  the 

vicinity  of  Mahanoy  City,  Shenandoah,  Frackville  and 
Girardville  in  Schuylkill  and  Columbia  counties  ;  em- 
braces area  on  Mine  Sheets  Nos.  II  and  III. 

7.  No.  Ill,  Ashland  and  Mt.  Carmel  Sheet,  in  the  vi- 

cinity of  Ashland,  Locust  Dale,  Centralia,  Montana, 
and  Mt.  Carmel,  in  Schuylkill,  Columbia,  and  North- 
umberland counties;  embraces  area  on  Mine  Sheets 
Nos.  IV  and  V. 
Four  Cross  Section  Sheets,  containing  vertical  cross  sec- 
tions exhibiting  the  geological  structure  of  the  coal- 
beds.  Scale  of  sections,  400  feet  to  1  inch,  y^Vit^I^  ^^ 
nature. 

8.  No.  I  Sheet  contains  4  sections  between  East  Mahanoy 

tunnel  and  West  Mahanoy  City. 

9.  No.  II  Sheet  contains  5  sections  between  West  Mahanoy 

City  and  Mahanoy  Plane. 

10.  No.  Ill  Sheet  contains  4  sections  between  Mahanoy 
Plane  and  Girardville. 

11.  No.  IV  Sheet  contains  2  detail  and  11  skeleton  sections 
between  East  Mahanoy  tunnel  and  Locust  Dale. 

This  atlas  is  incomplete,  as  it  does  not  contain  any  sheets 
of  columnar  sections,  exhibiting  either  the  structure  of^the 
coal-beds  or  of  the  rocks  included  between  them.  Such 
sheets  have  been  published  in  the  other  three  atlases  relat- 
ing to  the  Southern,  Eastern  Middle,  and  Northern  fields, 
respectively.  During  the  time  that  the  mine  and  cross  sec- 
tion sheets  were  being  constructed,  the  Survey  corps  col- 
lected a  number  of  section  records,  of  strata  cut  in  bore 
holes  and  tunnels.  In  addition,  many  sections  of  coal-beds 
were  obtained,  and  wherever  positive  information  was  had 
as  to  the  dip  of  the  strata  represented  in  the  sections,  the 
thicknesses  of  the  individual  strata'  were  reduced  so  as  to 
show  the  absolute  thickness  of  each  stratum,  perpendicular 
to  the  bedding. 

Twenty-four  rock  columnar  sections  have  been  constructed 
of  the  strata  lying  between  the  Pottsville  Conglomerate,  No. 
XII,  and  the  highest  coal-bed  between  Ashland  and  Delano. 
Eleven  of  these  sections  were  measured  by  the  Survey  corps. 
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In  comparing  the  sections,  which  were  not  measured  by 
the  Survey,  with  each  other,  a  number  of  inconsistencies 
were  discovered  in  the  naming  of  the  different  strata  in  the 
several  sections  ;  this  resulted  not  from  any  personal  error 
or  lack  of  proper  judgment  on  the  part  of  the  observer  by 
whom  the  sections  were  measured  on  the  ground,  but  from 
the  fact  that  the  different  sections  were  measured  bv  differ- 
ent  persons  ;  what  has  been  called  sandstone  in  one  section 
may  really  be  identical  with  another  stratum  in  an  adjoin- 
ing section,  but  which  has  been  named  sandy  slate.  In 
other  sections  the  only  distinction  which  has  been  made  has 
been  between  slate  and  those  strata  which  were  composed 
largely  of  sand ;  slaty  sandstone,  fine  sandstone,  coarse 
sandstone,  and  even  conglomerate,  all  have  sometimes  been 
described  by  the  general  word  ^^  rocky 

It  was  not  thought  wise  to  deduce  any  geological  conclu- 
sions, as  to  the  change  in  the  character  of  the  different  strata 
from  point  to  point,  unless  the  sections  could  first  be  gone 
over  in  the  field,  as  similar  sections  have  been  in  other  por- 
tions of  the  region,  and  consistent  names  could  be  applied 
to  the  stratificationof  all  the  sections. 

In  the  case  ^of  the  coal-beds,  as  many  as  503  measure- 
ments of  coal-beds  in  different  localities  have  been  reported 
to  the  Survey,  by  the  mining  engineers  of  the  different  com- 
panies. The  location  in  the  mines  of  nearly  one  sixth  of 
these  sections  is  not  definitely  known,  and  in  many  cases 
no  mention  is  made  as  to  which  is  the  top  or.  the  bottom  of 
the  bed. 

In  some  collieries  in  this  region  there  are  places  in  the 
mines  where  the  top  or  bottom  bench  of  the  coal-bed  does 
not  contain  coal  that  is  profitable  to  mine,  and,  in  measur- 
ing sections  at  these  points,  it  is  sometimes  the  custom  of 
the  engineers,  to  report  in  their  sections  only  that  portion 
of  the  bed  which  is  considered  to  be  of  mining  value.  The 
worthless  portions  of  the  bed,  above  or  below  the  good  coal, 
at  certain  points  sometimes  changes  in  character  so  quickly, 
that  it  is  profitable  to  mine,  but  a  short  distance  away,  por- 
tions of  the  coal-bed  not  noted  in  measured  sections.  Unless 
it  is  possible,  in  all  cases,  to  discriminate  between  these  sec- 
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tions,  and  state  the  entire  thickness  of  the  bed  from  the 
t<yp  rock  above  which  tliere  is  no  coal,  down  to  the  bottom 
rock  below  which  there  is  no  coal,  it  wonld  be  unfair  to  pub- 
ish  any  one  section  as.  representative  of  a  colliery,  or  even 
a  portion  of  it,  except  where  the  boundaries  of  definite  por- 
tions of  the  mine  workings,  referred  to,  should  be  clearly 
noted. . 

It  has  been  the  purpose  of  the  Survey  to  extend  the  in- 
vestigations in  the  eastern  end  of  the  Western  Middle  Coal- 
field to  embrace  a  colliery  examination  similar  to  that  which 
was  made  in  the  Panther  Creek  coal-basin,  the  results  of 
which  are  published  in  considerable  detail  in  the  First  Re- 
I)ort  of  Progress. 

Much  work  has  already  been  done  with  this  object  in 
view,  and  tables  have  been  constructed  showing  the  surface 
areas  of  the  different  properties  in  the  Western  Middle  Coal- 
field between  Delano  and  Ashland,  included  on  Mine  Sheets 
I,  II,  III,  and  IV,  which  are  underlaid  by  the  different  coal- 
beds  and  the  areas  of  the  floor  of  these  coal-beds  for  the  indi- 
vidual properties.  A  map  has  also  been  constructed  show- 
ingall  the  property  lines  in  this  area,  with  the  aj^proximate 
outcrop  of  each  of  the  coal-beds  contained  in  the  individual 
properties.  After  this  work  was  completed,  it  was  expect- 
ed, that  we  would  have  had  in  our  possession  a  sufficient 
number  of  columnar  sections  of  the  coal-beds,  to  permit  of 
a  general  estimate  being  made,  as  to  the  amount  of  coal 
which  w^as  originally  contained  in  the  areas  embraced  by 
each  mine  sheet,  and  the  amount  of  coal  in  the  different 
coal-beds  which  still  remains  for  mining. 

The  number  of  sections  of  the  coal-beds  was  found  to  be 
too  few,  to  supply  sufficient  information,  to  permit  of  an  es- 
timate of  the  average  thickness  of  any  one  bed  under  any 
definite  area ;  and  it  was,  therefore,  impossible  to  extend 
these  investigations,  until  considerable  additional  work  had 
been  done  in  the  field  by  the  Survey  corps,  in  conjunction 
with  tlie  local  mining  engineers,  whose  assistance,  in  the  in- 
vestigation of  such  questions,  is  indispensable.  This  assist- 
ance has  always  been  generously  afforded  the  Survey,  when- 
ever it  has  been  requested.  It  was  expected  that  this 
22 
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investigation  would  have  been  completed  during  the  past 
field  season. 

A  complete  report  on  the  eastern  end  ot  this  coal-field 
similar  to  that  which  is  published,  in  the  First  Report  of 
Progress,  for  the  Panther  Creek  coal-basin  could  have  been 
prepared  for  tlie  press,  but  the  small  amount  of  money  ap- 
propriated by  the  last  Legislature  for  the  Survey  made  it 
necessarv  for  the  Board  of  Commissioners  to  reduce  the  size 
of  the  corps  which  had  been  working  in  this  field.  It  has 
been  deemed  wise  to  delay  the  publication  of  the  descrip- 
tive report  on  the  area  embraced  within  the  four  mine  sheets, 
which  have  been  published  for  this  field,  until  it  can  be 
made  complete.  A  brief  reference  to  these  mine  sheets, 
however,  may  be  of  interest  and  prove  useful,  prior  to  the 
publication  of  the  more  detailed  report. 

The  eastern  border  of  Sheet  No.  I  is  about  one  quarter  of 
a  mile  east  of  Delano,  in  Schuylkill  county,  and  Sheets 
Nos.  I,  II,  III.  and  IV  taken  together  embrace  that  portion 
of  the  coal-basin  westward  to  a  line  one  sixth  of  a  mile  east 
of  Mount  Carniel,  in  Columbia  county.  These  sheets  have 
been  so  arranged  that  the  north  and  south  bordei*s  are  con- 
tinuous straight  lines.  Within  this  area  are  situated  the 
following  prominent  towns :  Delano,  New  Boston,  Maha- 
noy  City,  Shenandoah,  Gilberton,  Frackville,  Mahanoy 
Plane,  Ashland,  Centralia,  Locust  Gap  and  Montana. 

The  general  i)lan  for  representing  the  topography,  geol 
ogy  and  mining  features  on  these  maps  is  the  same  as  that 
which  has  been  described  in  defciil  in  Report  I,  and  calls 
for  no  further  reference  in  this  place. 

Mine  and  Geological  sheet  No.  I,  or  that  in  the  vicinity 
of  Delano,  on  the  east,  and  Mahanoy  City  on  the  west,  em- 
braces mine  workings  on  the  following  coal-beds :  Holmes, 
which  is  sometimes  locally  called  the  Primrose;  the  Top, 
Middle,  and  Bottom  members  of  the  Mammoth ;  the  Skid- 
more;  Seven-Foot;  and  Buck  Mountain.  These  beds  are 
all  of  greater  or  less  local  importance  in  diflferent  parts  of 
the  area. 

The  following  columnar  section,  constructed  from  meas- 
urements and  observations  made  in  the  vicinitv  of  Prim- 
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rose  colliery  and  the  East  Mahanoy  R.  R.  tunnel,  may  be 
taken  as  a  fair  illustration  of  the  general  structure  of  the 
Coal  Measures  mapped  on  this  sheet.  That  portion  of  the 
section  above  the  Buck  Mountain  bed  vas  measured  at  the 
Primrose  colliery,  and  reported  by  the  Philadelphia  and 
Reading  Coal  and  Iron  Company;  and  that  portion  of  the 
section  below  the  Buck  Mountain  bed  was  measured  by  the 
Survey  corps  in  the  East  Mahanoy  R.  R.  tunnel.  The  sec- 
tion is  as  follows : 

General  Section  of  the  Coal  Measures  at  Primrose  Colliery 
and  in  the  East  Mahanoy  R,  R.  Tunnel, 

• 

Roiik,    Coal.     Totaf. 

1.  Slate,        10'  to     10' 

2.  Primrose  ooal-red, 12'       to     22 

8.  Sandstone, 183'  to    155' 

4.  Top  Split,     "I  W  q  ^  ^'       to    162' 

6.  Sandstone,  ^  «       80'  to    242' 

6.  Middle  split,     ....              r  S  *  ^  ®'       ^  ^^ 

7.  Slate,                   *  ^  21'                   to  271' 

a  Bottom  split,        j5Sw[  5'       to  276' 

9.  Slate  and  sandstone), 98'                  to  869' 

10.  Skidmore  coal-bed, 6'       to  875' 

11.  Slate  and  sandstone,          68'  to  448' 

12.  Seven  Foot  goal* bed, 3'       to  446' 

13.  Slate  and  sandstone,          82'  to  478' 

11.  Buck  Mountain  coal-bed,     11'       to  489'  • 

15.  Conglomerate,                           481'  to    920- 

16.  Ltkbns  Valley  COAL-BED, 8'       to    928' 

17.  Conglomerate  and  Sandstone,  .  .  .  .     410^  to  1388' 
1&  Red  shale, 15'  to  1848' 

Total  tbioknesB  of  rock,      1293' 

•(  M    ooal-beds,     ....  55' 

"  *<    ooal  measures,  .  .  1848' 

This  section,  with  the  three  below,  will  be  given  in  more 
detail  when  the  report  relating  to  this  portion  of  the  region 
is  published.  About  live  sixths  of  the  area  covered  by 
Mine  Sheet  No.  I  is  within  the  Coal  Measures;  the  area 
covered  by  the  remaining  portions  of  the  sheet  contain  no 
coal. 

Mine  Sheet  No.  II,  or  Delano  Sheet,  relates  to  the  area 
west  of  Mahanoy  City  and  in  the  immediate  vicinity  of  the 
city  of  Shenandoah.     The  area  covered  by  this  sheet  is  very 
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nearly  equal  to  the  area  covered  by  the  advance  slieet 
which  was  published  in  Report  A\  The  structural  geology, 
embraced  by  this  sheet,  is  as  varied  and  as  interesting  as 
that  existing  anywhere  else  in  the  coal-fields.  This  struc- 
ture has  been  beautifully  defined  by  a  model  which  has 
been  constructed  by  Messrs.  E.  B.  and  O.  B.  Harden.  A 
photograph  of  this  model  was  taken  and  will  be  published 
in  the  special  report  relating  to  this  basin,  in  conjunction 
with  a  small  map  exhibiting  the  structure  of  the  bottom  of 
the  Mammoth  coal-bed  by  contour  lines  drawn  50  feet  ver- 
tically apart.  These  illustrations  will  be  similar  to  those 
relating  to  the  Panther  Creek  basin,  which  have  already 
been  published  in  the  First  Report  of  Progress. 

This  method  of  studying  the  geological  structure,  of 
highly  complicated  regions,  by  means  of  a  model,  is  one  of 
the  most  helpful  and  satisfactory  methods  of  determining 
the  local  features  of  structure.  The  heliotype  of  the  Pan- 
ther Creek  model,  which  was  jmblished  in  the  First  Report 
of  Progress,  while  it  has  met  with  a  favorable  reception 
among  professional  geologists,  and  is  considered  to  be  a 
great  aid  to  a  proper  appreciation  of  the  geology  of  the 
valley,  has  proved  very  unsatisfactorj"  to  many  mining  en- 
gineers in  the  region,  but  not  more  so  than  to  myself.  The 
photographs  of  this  latter  model  were  experimented  upon 
by  the  most  experienced  photographers  in  Philadelphia  and 
New  York,  and  the  photograph  of  the  Panther  Creek  model, 
which  has  been  published,  has  been  judged  by  experts  to 
be  the  best  result  which  it  was  possible  to  accomplish. 

Within  the  area  embraced  by  Mine  Sheet  II,  there  have 
been  mined  the  following  coal-beds :  Tracy  ;  Diamond  ;  Or- 
chard ;  Primrose  ;  Holmes  ;  Top,  Middle,  and  Bottom  mem- 
bers of  the  Mammoth;  Skidmore;  Seven-Foot,  and  Buck 
Mountain :  shown  in  the  following  general  section  of  the 
Coal  Measures,  compiled  from  measurements  made  at  Elian- 
gowan  and  Indian  Ridge  Collieries. 
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General  Section  of  the  Coal  Measures  at  Ellangoioan  and 

Indian  Ridge  Collieries, 


1. 

2. 

8. 

4. 

5. 

6. 

7. 

& 

9. 
10. 
11. 
12. 
18. 
14. 
16. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
20. 


Bock, 

Slate, 5' 

Bia  Tracy  bed, 

Slate  and  sandstone, 55' 

Diamond  bed, 

Slate  and  sandstone, 118' 

Little  Orchard  bed, 

Slate 24' 

Orchard  bed, 

Slate, .'  .   152 

Primrose  bed 

Slate, 100' 

Holmes  bed, 

Slate, 6' 

Coal 

Sandstone, 181' 

Top  split, '^ 

Slate,        

Middle  SPLIT,        

Slate, 

Bottom  split 

Slate  and  sandstone, 21' 

Skidmorx  bed, 

Slate  and  sandstone, 24' 

Seyen-Foot  bed,      

Slate,  sandstone,  and  conglomerate,  .  .     71* 

Buck  Mountain  bed, 

Sandstone  and  slate, 12' 

C^OAL,    ...••  .-•..•■.••. 

Conglomerate  and  sandstone, 300' 


w 

f 

H 

o 

\  * 

S  i 

s 

GB 

< 

n 

;s 

k 

39' 
22' 


Coal. 

4 

7 

3 
11 

8 
18 

4 
12 

8 
15 

4 

7 
12 

5 


Total  thickness  of  rook,      .   .  .  . 
••  f*  ooal-beds,     .   . 

*<  "  ooal  measures, 


1080' 


118 


Total. 

to  5' 

to  9' 

to  64' 

to  71' 

to  189' 

to  192' 

to  216' 

to  227' 

to  879' 

to  887' 

to  487' 

to  500' 

to  506' 

to  510' 

to  641' 

to  653' 

to  692' 

to  700' 

to  722' 

to  737' 

to  758* 

to  762" 

to  786' 

to  798' 

to  861' 

to  876' 

tx>  888' 

to  898' 

to  1193 


1193' 


The  section  which  has  been  given,  as  illustrative  of  Mine 
Sheet  No.  I,  exploited  the  same  strata  represented  in  the 
above  section.  By  a  comparison  of  these  two  sections  a 
number  of  differences  will  be  observed,  not  in  the  thickness 
of  the  corresponding  intervals,  but  in  the  thickness  of  the 
coal-beds  themselves.  Special  comment  as  to  this  feature  is 
deferred  for  the  forthcoming  special  report  on  this  district. 

Mine  Sheet,  No.  Ill,  or  Girardville  Sheet,  embraces  the 
area  surrounding  Girardville,  and  extends  from  Frackville 
on  the  south-east  to  within  about  a  mile  of  Ashland. 
Large  areas  underlaid  by  the  Mammoth  coal-bed  on  this 
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sheet,  in  tlie  vicinity  of  Girardville,  are  undeveloped.  The 
prospecting  work  which  has  been  done  has  been  of  such  a 
character  as  to  leave  a  proper  understanding  of  the  general 
geological  structure  here  still  in  doubt.  The  exploration 
notes  of  Mr.  Heber  S.  Thompson  have  been  carefully  studied 
in  conjunction  with  field  notes  in  possession  of  the  Lehigh 
Valley  Coal  Co.  and  others.  While,  no  doubt,  the  structure 
of  the  Mammoth  coal-bed  within  this  area,  which  is  sug- 
gested on  this  sheet  may,  by  future  mining  developments, 
be  wrong,  yet  it  is  believed  that  the  explanation  of  the 
structure  probably  approximates  the  actual  condition  of 
affairs  as  closely  as  the  present  possession  of  facts  will  per- 
mit. The  principal  coal  beds  which  have  been  mined  on 
this  sheet,  at  different  points,  are  the  Orchard;  Primrose; 
Holmes ;  the  Top,  and  Bottom  Members  of  the  Mammoth  ; 
and  Buck  Mountain  beds.  A  general  compiled  section  ex- 
hibiting the  general  columnar  structure  of  the  coal  measures 
of  the  area  on  this  sheet  has  been  constructed  from  measure- 
ments taken  at  Hammond,  Preston  No.  2,  and  Grirard  Mam- 
moth collieries,  as  follows : 

Oeneral  Section  of  the  Coal  Measures  at  Hammond^  Pres- 
ton^  and  Oirard  Mammoth  Collieries. 

Rock,  Coal.        Total 

1.  Bio  Tract  BBD, 7'       to       7' 

2.  Measares,  185'  to    192' 

8.  Diamond  bed, 4'       to    196' 

4.  Sandstone, 58'  to  254' 

5.  Coal,  1'       to  255' 

6.  Sandstone  and  alato, 16'  to  271' 

7.  Coal,        1'       to  272' 

8.  Sandstone, 16'  to  288' 

9.  LiTTLB  Orchard  bed, 6'       to  294' 

la  Sandstone. 88'  to  382' 

11.  Orchard  bed, 5'       to    887' 

12.  Sandstone 68'  to    450' 

18.  Primrose  bed,     8'       to    453' 

14.  Sandstone  and  slate, 109'                 to  562' 

15.  Holmes  bed,        10'        to  572' 

16.  Sandstone  and  slato, 114'                  to  686' 

17.  Mammoth  bed, 28'       to  709' 

18.  Sandstone, 68'                 to  767' 

19.  Coal,     2'        to  769* 

20.  Slate, 22'                  to  791' 
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21.  Coal 8'       to    7M' 

22.  Slato, 21'  to    816' 

28.  CoAi*.  I'        to    816' 

24.  Saadstone  and  slate, 56'                 to    871' 

25.  Coal,                  2'       to    873' 

26.  Sandstones  and  slate,     81'                 to    954' 

27.  Buck  Mountain  brd, 15'       to    969' 

28.  Slate,  sandstone,  and  oonglomerate,     .  .  648'                 to  1512' 

Total  thioknesa  of  rook,      1429' 

Total  tblokneas  of  ooal-beds,     ....  88' 

Totsl  thickness  of  ooai  measures,    .  .  1512' 

In  this  section  the  Mammoth  coal-bed  is  represented  by- 
one  member,  instead  of  by  three  members,  as  in  the  section 
compiled  for  Sheets  Nos.  I  and  II. 

Mine  Sheet  No.  IV  embraces  the  area  in  the  immediate 
vicinity  of  Ashland,  Centnilia,  and  Montana.  On  this  sheet 
have  been  mined,  at  different  points  in  different  localities, 
the  following  coal-beds  :  Orchard  ;.  Primrose  ;  Holmes  ; 
Top,  Middle,  and  Bottom  members  of  the  Mammoth  ;  Skid- 
more  ;  Back  Mountain ;  and  Upper  Lykens  Valley  beds. 
The  most  extensive  mining,  however,  has  been  done  in  the 
Mammoth  bed,  and,  next  to  that,  in  the  Buck  Mountain 
bed. 

The  relative  positions  of  the  coal-beds  which  have  been 
found  within  the  area  of  the  sheet  are  shown  in  the  following 
section,  constructed  from  measurements  made  at  Potts'  Col- 
liery and  the  reported  record  of  the  bore  hole,  driven  from 
the  face  of  Bell's  tunnel,  at  Bellmore  colliery. 

General  Section  of  the  Coal  Measures  at  BelV  s  Tunnel  and 

Potts^  Colliery, 

Rock.  Coal.      Total. 

1.  Sandstone  and  slate, 80'  to     80' 

2.  LiTTLX  Tracy  bbd, 8'       to     83' 

3.  Slate 26'  to    108' 

4.  Coal, .  1'        to    109' 

6.  Slate, 70'  to    179' 

6.  Bio  Tract  Bed,     6'       to  185' 

7.  Sandstone, 72'                  to  257 

a  Coal, 1'       to  258' 

9.  Slate,           16'                  to  273' 

10.  LiTTLB  Diamond  bed,       6'       to    279' 

11.  Slate, 97'  to    876' 

12.  Coal, 1'       to    377' 
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IS.  Sandstoue,      29'                  to  406' 

14.  Bio  Diamond  bed, 6'       to  412' 

15.  SaDdBtone  and  slate,      106'                  to  518' 

16.  Bia  Orchard  bed, 4'       to  522' 

17.  Slate  and  Bandstone,       19'                   to  541' 

18.  Little  Orchard  bed, 2'       to  54S' 

19.  SandBtoDe  and  slate, 189'                  to  682' 

20.  Primrose  bed,       8'       to  690' 

2L  Sandstone 103'                   to  793' 

22.  Holmes  bed, 5'        to    798' 

23.  Slate,     11'                  to    809' 

24.  Coal,                        2'       to    811' 

25.  Sandstone  and  slate, 122'                  to    938' 

26.  Mammoth  bed,          24'       to    957' 

27.  Slate  and  sandstone, 89'                   to  1046' 

28.  Skidmore  bed,       8'       to  1049' 

29.  Slate  and  sandstone, 87'                   to  1086' 

80.  Coal, 1'       to  1067' 

81.  Slate,      29'                  to  1116' 

82.  CoA^ r        to  1117' 

83.  Slate,      14'                   to  1181' 

34.  Coal. 8'       to  1134' 

35.  Conglomerate,       38'  to  1172' 

86.  Buck  Mountain  bed,  11'       to  1188' 

37.  Sandstone  and  conglomerate, 32'                  to  1215' 

38.  Coal.                                                   ...  3'        to  1218' 

39.  Slate,  sandstone,  and  conglomerate,    .  .  117'                  to  1335' 

40.  Coal, 4        to  1339' 

41.  Slate,  sandstone,  and  conglomerate,    .   .  84'                  to  1428' 

42.  Ltkens  Valley  bed,        11'        to  1434' 

43.  Conglomerate  and  sandstone, 213'                   to  1647' 

Total  thickness  of  rock,         1541' 

Total  thicknens  of  coal-beds,    ....  106' 

Total  thickness  of  coal  measures,  .  .  1647' 

Although  this  is  a  general  section,  it  is,  probably,  as  good 
as  any  that  can  be  compiled,  representing  the  structure  of 
the  measures  within  the  area  covered  by  the  sheet,  yet  many 
of  the  detailed  features  of  the  section  characterize  only 
special  localities,  as,  for  instance ;  the  Mammoth  coal-bed, 
which  is  represented  as  possessed  of  one  member  24  feet 
thick  in  the  section,  has  been  proved  by  mining  to  be  com- 
posed in  certain  localities  of  three  distinct  members.  This 
feature  is  shown  on  Mine  Sheet  No.  IV  and  the  accompany- 
ing cross-section  contained  in  the  Western  Middle  Coal- 
field Atlas. 

In  the  same  Atlas  is  published  a  topographical  map  of 
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the  Western  Middle  Coal-field,  between  Qnakuke  Junction 
and  Mount  Carmel,  which  embraces,  besides  the  area  cov- 
ered by  the  four  accompanying  mine  sheets,  other  small 
outlying  areas. 

This  map  was  compiled  from  a  survey  made  between  1868 
and  1876,  for  the  Lehigh  Valley  Railroad  Co.,  by  Messrs. 
Stephen  and  Joseph  S.  Harris  and  A.  J.  Womelsdorf ;  from 
a  map  of  the  property  of  the  Locust  Mountain  Coal  and 
Iron  Co.,  constructed  by  L.  A.  &  S.  M.  Riley ;  and  from 
scattered  surveys  of  limited  areas  made  by  the  Geological 
Survey  corps.  The  oriojinal  map  in  the  possession  of  the 
Lehigh  Valley  Railroad  Co.  was  drawn  by  Mr.  A.  B.  Coch- 
ran and  furnished  the  Survey  through  the  courtesy  of  Mr. 
Israel  W.  Morris.  The  additions  which  have  been  made  to 
the  original  map  of  the  Lehigh  Valley  Railroad  Co.  are 
carefully  noted  on  each  sheet.  By  special  request  the 
names  of  property  owners  and  colliery  operators,  the  loca- 
tion of  town  plots,  land  lines,  names  of  creeks,  and  location 
of  railroad  lines,  have  been  represented  on  this  map  just  as 
they  were  found  on  the  original  in  the  possession  of  the  com- 
I)any.  This  w^as  done  so  as  to  perpetuate  the  names  and 
locations  which  are  referred  to  in  a  number  of  records  con- 
temporaneous with  this  map.  On  each  sheet  is  given  a 
comparative  list  of  the  collieries  and  operators ;  each  col- 
liery is  designated  by  a  certain  name  and  as  operated  by  a 
certain  individual  company,  on  both  the  topographical  and 
mine  map.  This  list  affords  a  means  of  comparing  the  to- 
pographical and  mine  sheets,  although  some  collieries  are 
known  by  different  names  on  the  two  sheets. 

This  map  is  one  of  the  best  topographical  maps  that  has 
been  published  by  any  private  corporation  in  the  Anthra- 
cite Coal-fields,  and,  although  the  topography  of  certain 
areas,  outside  of  the  limit  of  the  special  area  of  which  the 
company  desired  accurate  topography,  would  be  modified 
by  more  extended  surveys  in  these  special  areas,  yet  the  to- 
pography of  areas  in  the  interests  of  the  Lehigh  Valley 
Railroad  Co.  is  perfectly  reliable,  and  has  not  only  served 
a  valuable  purpose  to  the  company,  but  will  be  found  of 
great  interest  and  value  to  others  not  directly  connected 
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with  the  Lehigh  Valley  Railroad  Co.,  and  to  whom  indi- 
vidual access  to  the  original  map  is  denied.  It  is  to  be  re- 
gretted that  other  companies  have  not  made  similar  topo- 
graphical surveys  and  had  similar  maps  constructed. 

The  surface  features  of  all  the  anthracite  basins,  which  are 
not  already  so  mapped,  should  be  topographically  surveyed 
by  the  Geological  Survey  bi»fore  any  special  study  is  made 
of  the  structural  geology.  It  has  been  impossible  for  the 
Geological  Survey  to  make  any  extended  topographical 
surveys  since  the  last  Legislature  saw  tit  not  to  make  any 
appropriation  for  carrying  on  topographical  work. 

In  addition  to  the  work  which  has  been  done  on  the  sheets 
of  this  coal-field,  which  are  published,  the  surveys  have 
been  extended  to  the  extreme  western  end  of  the  basin,  four 
miles  bej^ond  Trevorton.  The  map  of  this  western  end  will 
be  published  on  four  sheets,  the  two  eastern  of  which  are 
now  in  the  engraver's  hands,  and  the  two  western  are  being 
constructed  in  the  Survey  oflSce. 

Greater  difficulty  has  been  encountered  in  the  Survey 
work  west  of  Ashland  than  in  that  east  of  the  same  town. 
The  work  has  been  very  much  embarrassed  by  the  difficulty 
of  systematizing  on  one  connected  sheet  the  mine  maps  in 
the  vicinitv  of  Shamokin.  It  was  found  necessarv  to  make 
extended  surveys  in  this  section,  since  many  grievous  errors 
were  discovered  in  some  of  the  mine  maps  now  in  existence. 


Chapter  V. 

Surtey  of  the  Eastern  Middle  Coal-field, 

The  slirvey  of  the  Easlern  Middle  CoalHeld,  or  what  is 
generally  known  as  the  Upper  Lehigh  region,  was  com- 
menced under  my  personal  direction,  on  the  first  of  No- 
vember, 1881,  and  was  continuously  prosecuted  by  Mr. 

A.  P.  Berlin  aided  by  one  assistant  from  that  date  until 
July,  1883.     Subsequently  Mr.  Arthur  Winslow  with  one 

assistant  continued  the  field  survey  until  May,  1884.     Both 

of  these  gentlemen  resigned  to  engage  in  other  professional 

work. 

After  May,  1884,  considerable  field  work  was  done,  both 
by  myself  and  Mr.  O.  B.  Harden,  until  the  fall  of  1884,  in 
order  to  finish  he  work  which  had  so  nearly  been  finished 
by  Mr.  Winslow. 

The  survey  work  in  this  region  has  been  attended  with 
difficulties  which  have  not  been  encountered  in  other  sec- 
tions. The  individual  coal-basins  are  narrow  and  are  sepa- 
rated by  broad  areas,  immediately  underlaid  by  the  several 
members  of  the  Pottsville  Conglomerate,  which  contain  no 
coal.  In  consequence,  the  mine  maps  which  have  been  con- 
structed by  the  mining  engineers  in  the  region  are  very  com- 
plete, but  they  are  not  generally  connected  with  those  of  ad- 
joining and  parallel  basins.  More  extended  instrumental 
field  surveys  were  made  here  by  the  Geological  Survey  corps 
than  would  otherwise  have  been  required. 

On  account  of  the  restricted  means  of  the  Survev,  the 
Board  of  Commissioners,  on  the  first  of  January,  1884,  were 
obliged  to  order  the  survey  work  stopped  in  the  Lehigh  re- 
gion, and  the  closing  of  the  Hazleton  office,  and  this  only 
permitted  the  continuance  of  such  work,  in  this  region,  as 

(847) 
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was  required  to  publish  maps  in  the  vicinity  of  Drifton 

and  Hazleton,  and  the  surrounding  towns. 
The  surveys  were  brought  up  to  the  lii'st  of  ^November, 

1884,  subsequent  to  which  date  the  sheets,  which  had  been 

prepared  up  to  this  time,  by  the  Survey,  were  published  in 

the  Atlas  of  the  Eastern  Middle  Anthracite  field,  Part  I. 

This  atlas  contains  eight  sheets ;  they  relate  to  that  portion 

of  the  Lehigh  region  in  the  vicinity  of  Hazleton  and  Drif- 
ton, in  Luzerne  county,  as  follows: 

Two  Gpx)Logical  and  Mine  Sheetj^,  scale  800  feet  to  1 
inch,  -^W^l^  of  nature,  showing  the  plan  of-  all  the 
mines,  and  the  shape  of  the  floor  of  the  most  promi- 
nent coal-bed,  where  mined,  and  its  probable  structure 
in  undeveloi)ed  areas,  by  contour  curve  lines,  50  feet 
vertically  apart. 

Plate  1.  Drifton  sheet,  in  vicinity  of  Woodside,  Highland, 
Drifton,  Eckley,  Jeddo,  Ebervale,  and  Stockton. 

Plate  2.  Hazleton  sheet,  in  vicinity  of  Lattimer,  Holly- 
wood, Harleigh,  Hazleton,  and  Mt.  Pleasant. 

Three  Cuoss-section  Sheets,  containing  vertical  cross- 
sections  exhibiting  the  geological  structure  of  the 
coal-beds.  Scale  of  sections,  400  feet  to  1  inch,  :oW^^^ 
of  nature. 

Plate  3.  Five  sections ;  through  Highland,  Eckley,  Wood- 
side,  Drifton,  Jeddo,  Stockton,  Lattimer,  Ebervale,  Hol- 
lywood, Hazleton,  Buck  Mountain,  and  Mt.  Pleasant  col- 
lieries, and  through  portions  of  Hazleton,  Big  Black 
Creek,  Little  Black  Creek,  Cross  Creek,  and  Cran- 
berry basins. 

Plate  4.  Sixteen  sections ;  through  Highland,  Drifton, 
Lattimer,  Milnesville,  Hollywood,  Eckley,  Jeddo, 
Ebervale,  and  Harleigh  collieries  in  Big  Black  Creek, 
Little  Black  Creek,  and  Cross  Creek  basins. 

Plate  5.  Eight  sections ;  through  Hazle  Brook,  Stockton, 
Diamond,  Hazleton,  Cranberry,  and  Crystal  Ridge  col- 
lieries in  the  Hazleton  basin. 

Thkee  Columnar  Section  Shekts,  containing  columnar 
sections  showing  the  Coal  Measures  cut  in  bore  hole  and 
tunnels.     Scale,  40  feet  to  1  inch,  ^f^^th  of  nature. 
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Plate  6.  Twenty-two  sections  at  Woodside,   Highland, 
Drifton,  Lattinier,  Milnesville,  and Holh'wood collieries. 
Plate  7.  Twenty-fonr  sections  at  Eckley,  Jeddo,   Eber- 
vale,  and  Harleigh  collieries,  and  on  Pennsylvania  Rail- 
road Company's  tract. 
Plate  8.    Twenty  sections  at   Wentz's   sloi)e,  Hazleton, 
Sonth    Sugar  Loaf,   Crystal    Ridge,   Cranberry,   and 
Humboldt  collieries,  and  near  reservoir  south  of  the 
Hazleton  shops. 
The  recent  publication  of  these  atlas  sheets  has  not  per- 
mitted suflScient  time  in  which  to  prepare  a  special  descrip- 
tive report  relating  to  them.     In  consequence,  the  publica- 
tion of  this  special  report  will  have  to  be  delayed  until  the 
issue  of  a  future  annual  report  of  progress  of  the  Geologi- 
cal Survey,  and  it  is  desired  in  this  connection  to  only  refer 
to  the  work  in  the  Lehigh  region  in  order  to  convey  a  gen- 
eral idea  of  its  progress. 

On  Mine  Sheet  No.  I  there  are  worked,  in  different  local- 
ities, the  Mammoth,  the  Wharton,  and  Buck  Mountain 
coal-beds. 

The  following  columnar  section,  which  may  be  taken  as 
illustrative  of  the  stratification  of  the  coal  measures,  em- 
braces within  the  area  covered  by  Mine  Sheet  No.  I,  or 
Drifton  Sheet,  was  compiled  from  the  records  of  Bore-hole 
No.  8  of  the  Drifton  colliery,  and  Bore-hole  No.  2  of  the 
Lattimer  colliery.  That  portion  of  the  section  above  the 
bottom  of  the  Mammoth  bed  being  taken  from  the  records 
of  Borehole  No.  8,  and  that  portion  of  the  section  below 
the  bottom  of  the  Mammoth  bed  being  taken  from  the 
records  of  Bore-hole  No.  2.     The  section  is  as  follows : 

General  Section  of  the  Coal  Measures  at  Drifton  and  Lat- 
timer Collieries^  Eastern  Middle  Coal  fields  Drifton 
Mine  Sheet, 

Roek,    Coal  Beds,     Total, 

^  ®  fl       ^    L  Surfkce, 80'    9" 

t!;cS    .         2.  GOAT^BBD, 18' 

S,    £  b       3.  Sandstone, 89'    4" 

©2^5  *•   COAI/-BBD, 8' 

gg^o        5.  Sandstone  and  slate,    .  .    120'    6" 
^  I   6.  Mammoth  bed,    ....  84' 


to   80' 

9' 

7"  to   44' 

4" 

to   88' 

8" 

7"  to   87* 

3" 

to  207' 

9" 

8"  to  242' 

6" 

360 


GEOLOGICAL  SURVEY  OF  PENN'a,  188o. 


9 

u 

a 

■^ 

6 


t 

o 


'  7.  Clay,  fvmdntone  and  slate,     35'    7" 

8.  COAIi-BBD,  .    .    . 

9.  Slateand  aandst-ine,    .  .     34'    3" 

lU.  COAI^BBD,  

IL  Slate  and  sandstone,    .  .     25'    9" 

12.  OOAL-BRD,         

18.  Sandstone 70'    6" 

14.  COAI^-BBD, 

15.  Slate,  oonglomerate,  and 
sandstone, 89'    4" 

16.  Buck  Mountain  bbd,  . 

17.  Slate,  oonglomerate,  and 
sandstones.  .  .     80'    6'' 

18.  G0AI/-BBD,       

19.  Sandstone,  bone,  eta,     .     28'    6'' 

20.  COAIiBBD,        

21.  Slate,  sandstone,oong]om- 
erate,  and  red  sbnle,     .   184'    5' 


to  278' 

0" 

1' 

8"  to  279* 

3' 

to  318' 

6' 

4* 

2'  to 817' 

8" 

to  843' 

5" 

3' 

6"  to  846' 

11" 

to  417' 

6" 

3' 

10"  to  421' 

8" 

to  510' 

7" 

4' 

8"  to  515' 

8" 

to  595' 

9" 

0"  to  596 

2" 

to  624' 

8" 

2' 

8"  to  626' 

11" 

to  761' 

4" 

Total  tblcknesB  of  rook,     .   .   689' 
Total  tbiokness  of  ooal-beds, 
Total  tbiokness  of  measures, 


:•/ 


71'  U 


rf 


761'    4" 


On  Aiine  Sheet  No.  II,  or  the  Hazleton  sheet,  there  are 
mined  in  different  localities  the  Mammoth,  Parlor,  Whar- 
ton, and  Buck  Mountain  coal-beds. 

The  relative  position  of  these  coal-beds  is  shown  in  the 
following  section,  which  is  illustrative  of  the  general  strati- 
graphy embraced  within  the  area  covered  by  this  mine  sheet. 
This  section  was  compiled  from  the  records  of  the  bore  hole 
near  the  boilers  at  Hazleton  Slope,  No.  1,  and  from  the  re- 
cords of  bore  hole.  No.  19,  at  Hazleton  Slope,  No.  6.  That 
portion  of  the  section  above  the  top  of  the  Mammoth  l)ed 
is  taken  from  the  records  of  the  former  bore  hole,  and  that 
portion  of  the  section  below  the  top  of  the  Mammoth  bed 
is  taken  from  the  records  of  the  latter  bore  hole.  The  sec- 
tion is  as  follows  : 


Oeneral  Section  of  the  Coal  Measures  at  the  Hazleton  Col- 
lier les^  Eastern  Middle  Coal-field^  Hazleton  Mine  Sheet 


"Si* 


•  ffl  o 


-  .  o    • 


K 


Rock,    Coal  Beds,    Total. 

1.  Sandstone  and  slate,  etc,    121'    5"  to  121'    6" 

2.  COAI^BBD, 10"  to  122'     8" 

8.  Sandstone, 66'    5"  to  188'    8" 

4.  Coal-bed, 4'    1"  to  192'    9" 

5.  Sandktoneandalate,     .   .    192'    7"  to  885'    4" 


Ashhurner^    anthracite  uegion. 

.    CHAP. 

V. 

t 
1 

^       r   6.  Mammoth  bbd,    .... 

80' 

7"  to  416' 

U" 

o 

7.  Sandstone,    ....... 

61'  11" 

to  467' 

10" 

^■4 
« 

8.  Parlob  bed,     

5"  to  468' 

3" 

a 

9.  Sandstone  and  slate,    .  . 

86'    9" 

to  605' 

0" 

^ 

10.  Whabton  bbd,    .... 

8' 

9"  to  518' 

9" 

si 

11.  Slate  and  smdstone,    .  . 

26'  10' 

to  640' 

7" 

wa  • 

12.  Gamma  bbd,      

4' 

4''  to  644' 

11" 

-s» 

18.  Slate, 

11'    8" 

to  656' 

7" 

«  d 

14.  Goal-bed,       

1' 

5  "  to  658' 

0' 

15.  Sandstone  and  slate,    .  . 

68'    4" 

to  616' 

4' 

16.  B.  Buck  Mountain  bed, 

T 

10"  to  624' 

2' 

5 

17.  Sandstone,  slate,  and  con- 

'^       I           glomerate,        .  . 

261'  11" 

to  886' 

1" 

• 
Total  thickness  of  rook,     .... 

827'  10' 

Total  thickness  of  coal-beds,   .  . 

68' 

8' 

Total  thickness  of  coal  measures. 

886' 

1" 
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There  are  a  great  many  interesting  features  connected 
with  the  structure  of  that  portion  of  the  Lehigh  basin  cov- 
ered by  these  two  mine  sheets,  and  with  the  identification 
of  the  coal-beds.  These  are  graphically  illustrated  by  the 
sheets  contained  in  the  atlas,  but  special  reference  to  them 
is  delayed  until  the  publication  of  the  special  detail  report. 

The  systematizing  of  the  columnar  sections,  published  in 
the  atlas,  has  been  based  upon  all  the  facts  reported  to  the 
survey  and  obtained  from  personal  examination  in  the  field 
by  the  survey  corps,  and  from  a  careful  consideration  of  the 
different  views  held  by  the  local  geologists  and  mining  engi- 
neers. While  some  of  the  conclusions  stated  cannot  be  ac- 
cepted as  a  final  solution  of  the  geological  structure,  yet  it 
is  believed  that  all  the  conclusions  are  supported  by  the 
facts  which  are  at  present  known.  In  consequence,  the 
stnicture,  suggested  for  the  different  columnar  sections, 
will  no  doubt  give  to  some  areas  more  coal  than  they  have 
been  considered  to  contain,  while  other  areas  which  have 
been  considered  to  contain  considerable  coal,  by  the  identi- 
fication suggested,  may  contain  less  than  has  been  generally 
credited  to  them,  and  in  some  cases  no  commercial  coal 
at  all. 

On  the  Hazleton  Sheet,  the  portion  of  the  area  embraced 
by  the  western  part  of  the  sheet,  and  controlled  by  the 
Pennsylvania  Railroad  Company,  has  been  topographically 
surveyed,  and  the  surface  contours  are  shown  on  the  pub- 


352  GEOLOGICAL  SURVEY  OF  pp:nn'a,  1885. 

lished  sheet.  This  has  been  done  because  the  topography 
of  the  surface  is  an  important  aid  to  the  proper  understand- 
ing of  the  underlying;  geological  structure,  and  since  the 
conclusion  arrived  at  by  the  Survey  as  to  the  economical 
value  of  this  tract  for  coal  purposes,  differs  widely  from 
that  which  had  previously  been  held.  All  the  facts  which 
were  in  the  possession  of  the  Survey,  bearing  upon  the 
geology  of  this  tract,  have  been  published  on  the  mine, 
columnar,  and  cross-section  sheets. 

The  land  owners,  coal  operators,  and  engineers  of  the 
Lehigh  region  have  afforded  the  Survey  every  facility  in 
their  power  for  carrying  on  the  survey,  and  have  placed  at 
tlieir  disposal  the  mine  ma*ps  and  section  records  in  their 
possession.  Credit  for  this  assistance  is  given  on  the  indi- 
vidual sheets  contained  in  the  atlas ;  it  is  impossible  to 
mention  in  this  connection  the  names  of  all  who  have 
afforded  the  Survey  assistance,  but  special  reference  should 
be  made  to  Mr.  Ario  Pardee  &  Sous,  and  Messrs.  Eckley  B. 
Coxe,  T.  S.  McNair  and  I.  A.  Stearns. 

Although  the  area  covered  by  the  two  mine  sheets  which 
are  published  embraces  the  scene  of  the  most  extensive 
and  active  development  in  the  Lehigh  region,  yet  they 
probably  do  not  include  one  fourth  of  the  area  of  the  Le- 
high coal-field.  Some  sections  of  the  area,  of  the  Lehigh 
region,  into  which  the  State  Survey  has  not  as  yet  be^n 
carried  are  underlaid  by  the  most  difficult  geology  in  the 
coal  regions  ;  so  that,  it  is  estimated  that  the  survey  of  this 
region  will  require  at  least  four  times  as  much  labor,  on  the 
part  of  the  Survey,  as  that  which  has  alreadj''  been  ex- 
pended on  the  sheets  wiiich  have  been  published. 

Possibly  there  is  no  region  where  the  results  of  the  Survey 
would  be  of  such  immediate  practical  importance  to  coal 
operators  as  in  the  Lehigh  region,  but  the  survey  of  this 
interesting  district  cannot  be  recommenced  until  more  ample 
appropriations  shall  be  voted  by  the  Legislature  for  its 
continuance. 


Chapter   VI. 

Survey  of  the  Northern  CoalfliM, 

In  the  early  part  of  November,  1880,  I  made  a  general 
reconnoissance  of  the  Wyoming  valley  between  Pittston 
and  Shickshinnv  in  order  to  ascertain  the  character  of  the 
mine  maps,  sections,  and  other  colliery  information  in  the 
possession  of  the  coal  operators  and  mining  engineers, 
which  the  Survey  could  make  use  of,  in  conjunction  with 
their  own  field  surveys,  in  making  a  general  geological  ex- 
amination of  the  district.  All  parties  directly  connected 
with  the  mining  of  coal  in  this  valley  were  found  to  be  gen- 
erously disposed  to  aid  the  Survey. 

During  the  latter  part  of  November,  1880,  my  assistant, 
Mr.  G.  Morris,  under  mj'  direction,  made  a  reduced  con- 
nected map  of  the  Lehigh  and  Wilkes  Barre  Coal  Com- 
pany's workings,  and  constructed  contour  curve  lines,  50 
feet  vertically  apart,  along  the  surface  of  thefloor  of  the 
Mammoth  coal-bed,  wherever  the  bed  had  been  mined,  in 
order  to  show  its  geological  structure.  The  mapping,  which 
was  thus  completed  before  the  close  of  the  year,  was  the 
means  of  securing  a  general  interest  on  the  part  of  Wilkes 
Barre  citizens  in  the  work  of  the  Survey. 

As  soon  as  the  appropriation  made  by  the  Legislature  of 
1881  became  available,  field  work  was  regularly  commenced. 
It  was  started  in  August,  1881,  under  the  immediate  field 
direction  of  Mr.  A.  W.  Sheafer,  assistant  geologist  in  ihe 
the  anthracite  region.  In  the  latter  part  of  September  of 
the  same  year  Mr.  Frank  A.  Hill  was  placed  in  charge  of 
the  field  corps  in  the  Northern  Coal-field.  Since  then  he 
has  superintended  the  details  of  the  work  there  under  my 
personal  direction. 

Mr.  Sheafer  resigned  from  the  Survey  c^rps  in  July,  1882. 
The  vacancy  caused  by  Mr.  Sheafer' s  resignation  as  assistant 
for  the  entire  field  was  not  filled,  and  from  that  time  until 
23  (8W) 
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July,  1886,  I  personally  directed  all  the  field  work  in  the 
anthracite  region,  the  responsible  superintendence  of  the 
details  of  the  work  being  left  to  the  several  assistants  who 
were  placed  in  charge  of  the  field  parties. 

In  July,  1885,  Prof.  Lesley  placed  under  my  general  direc- 
tion the  field  work  of  the  State  Survey,  the  correspondence, 
expenditures  and  accounts,  printing,  binding,  and  the  distri- 
bution of  publications,  as  Geologist  in  charge,  and  Mr.  Hill 
was  api>ointed  Assistant  Geologist  in  the  Anthi'acite  Coal- 
fields ;  and,  while  continuing  to  direct  the  details  of  the 
work  in  the  Northern  field,  assumed  the  superintendence  of 
the  details  of  the  field  work  elsewhere  in  the  region.  Mr. 
Hill  has  been  assisted  from  time  to  time  by  diflferent  mem- 
l>er8  of  the  Survey  corps,  who,  during  their  term  of  service, 
have  devoted  their  entire  time  to  the  work  in  the  Northern 
field,  or  who  have  been  specially  detailed  from  time  to  time 
to  special  ^work  in  this  district,  as  follows  : 

H.  E.  I^arrish,  September,  1881,  to  April,  1883 ;  W.  J.  ^ 

Flick,  September  to  December,  1881  ;  O.  B.  Harden,  May,  V 

1882,  to  September,  1883  ;  H.  I.  Moyer,  January  to  March, 
1882  ;  T.  J.  Williams,  June,  1883,  to  February,  1884 ;  Geo. 

M.  Lehman,  April,  1884,  to  date  ;  A.  D.  VV.  Smith,  August,  ^ 

1883,  to  date ;  John  C.  Branner,  July,  1883,  to  June,  1885 ; 
Clarence  R.  Claghorn,  July,  1884,  to  June,  1885.     Messrs.  ..    I 
Charles  B.  Scott,  Baird  Halberstadt,  Charles  Miner,  Jinzoo         ^ 
Adachi,*  and  Teichi  Kada,*  have  each  been  connected  with 
the  work  in  this  field  for  several  weeks  at  diflferent  times. 

Shortlv  after  the  commencement  of  the  survey  of  the 
Northern  field  a  disposition  was  manifested  on  the  part  of 
some  of  the  operating  companies  to  make  a  selection,  in  their 
oflice,  of  the  mining  records  to  which  the  Geological  Sun'ey 
should  luiveaccess,  it  being  deemed  important  for  the  pro- 
tection of  their  individual  interests,  as  coal  operators,  that 
certain  facts  should  be  withheld  from  the  Survey.  This  ap- 
plied more  particularly  to  the  records  of  prospect  work, 
and  particularly  the  records  of  diamond  drill  bore  holes,  b^, 
which,  in  many  cases,  had  been  bored  considerably  in  ad- 
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*Late  aanistants  of  Mr.  Bei^amia  Smith  Lyman,  Director  of  the  Oeologioal  t 
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vance  of  the  farthest  mine  headings,  in  order  to  ascertain 
either  the  number  of  coal-beds  existing  under  the  area 
where  the  holes  were  drilled,  and  the  thickness  of  the  indi- 
vidual coal-beds,  or  to  obtain  information  which  would 
throw  some  light  upon  the  geological  structure  of  the  coal- 
basins,  in  order  to  permit  of  a  better  planning  of  the  under- 
ground workings. 

Where  these  holes  were  drilled  in  territory  about  which 
very  little  was  certainly  known,  either  by  the  general  pub- 
lic, or,  as  in  many  cases  has  proved  to  be  the  fact,  by  the 
parties  owning  adjoining  tracts,  the  records  have  been  nomi- 
nally  guarded  with  the  utmost  secrecy.  All  the  special 
reasons  connected  with  a  judicious  business  policy,  which 
deteiTOined  such  a  course,  on  the  part  of  the  property 
owners  or  coal  operators,  it  is  not  necessary  to  mention. 

It  is  readily  perceived,  however,  that  probably  one  of  the 
most  important  reasons  which  has  dictated  such  a  line  of 
action  has  been  this :  Where  a  company  should  bore  a  dia- 
mond drill  hole  at  the  extreme  limits  of  their  property,  at  a 
considerable  distance  from  any  actual  mine  workings,  and 
in  the  immediate  vicinity  of  other  properties,  owned  by 
other  interests,  which  they  might  ultimately  want  to  control, 
either  by  purchase  at  a  minimum  figure  or  by  lease  at  a  min- 
imum rental,  if  the  drill  should  disclose  facts  which  would 
lead  to  a  greater  valuation  of  these  adjoining  properties,  of 
course  it  might  not  be  considered  a  good  policy  that  these 
facts,  which  had  been  obtained  at  a  great  expense  to  the 
company  drilling  the  hole,  should  be  placed  in  the  hands  of 
those  from  whom  they  might  want  to  purchase  other  pro- 
perties in  the  future,  which  would  lead  these  parties  to  ad- 
vance the  price  of  the  land.  Conversely,  some  of  these 
drill  holes  might  disclose  facts  which,  if  made  public, 
would  depreciate  the  value  of  the  property  owned  by  the 
company  drilling  the  hole,  and  which  they  might  subse- 
quently want  to  sell.  Such  properly  owners  might  not 
make  any  misrepresentations  to  prospective  purchasers,  as 
to  the  coal  which  might  be  depended  upon  underlying  a 
given  property,  yet  it  might  be  considered  a  wiser  policy  to 
let  the  land  be  sold  upon  its  own  merits,  as  understood  by 
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the  prosi^ective  purchaser,  rather  than  to  supplement  the 
knowledge  of  such  a  purchaser  by  placing  in  his  hands  a 
drill  hole  which  might  depreciate  the  value  of  the  property 
in  the  purchaser's  estimation. 

If  the  Geological  Survey  should  have  consented  to  pur- 
sue its  investigations,  in  areas  where  important  facts  were 
withheld,  the  results  of  the  Survev  would  not  onlv  have 
been  incomplete,  but  very  erroneous  conclusions  might  have 
been  arrived  at,  which  would  ultimately  have  made  the 
work  of  the  Survey  not  only  an  object  of  censure,  but 
one  of  ridicule.  Duly  appreciating  this  situation  of  affairs, 
it  was  early  decided  that  the  Survey  should  not  attempt  to 
do  work  in  any  district  of  the  region  where  the  mining 
records,  held  in  the  possession  of  either  individuals  or  cor- 
porations owning  land,  should  be  withheld  from  the  Survey 
corps,  when  it  should  be  deemed  absolutely  important  by 
the  Survey  that  these  records  should  be  at  its  command,  in 
order  to  arrive  at  reliable  and  practical  results. 

After  conferences  were  had  with  these  parties,  especially 
some  of  the  large  operating  companies,  who  questioned  the 
policy  of  permitting  the  Sui^vey  corps  free  odrie  to  all 
their  mining  records,  it  was  decided  to  issue  a  circular  letter 
to  each  Survey  assistant,  and  an  abstract  of  the  same  to  the 
individuals  and  operators  from  whom  information  was  ob- 
tained.    These  letters  were  as  follows : 

(Order  No.  3,  to  Survey  Assistants.) 

907  Walnut  St.,  Phila., 
Deceviher  i,  1881. 

Dear  Sir  :  It  has  been  with  difllculty,  in  some  cases,  that 
-we  have  obtained  free  access  to  and  use  of  all  the  maps, 
sections,  and  other  information  in  the  respective  offices  of 
the  anthracite  coal  operating  companies.  The  privileges 
which  have  been  secured  have  only  been  obtained  by  assur- 
ing the  executive  officers  of  the  respective  companies  that 
our  examination  of  their  material,  was  to  be  done  confi- 
dentially, and  that  no  facts  should  be  made  public  through 
the  Survey  publications  except  such  as  they  would  permit. 
In  order  to  retain  the  confidence  of  the  corporations  and 
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individuals  with  whom  we  shall  come  in  contact,  it  is  neces- 
sary that  we  should  exercise  the  utmost  care  in  commenting 
upon  their  plans  and  operations,  and  in  making  public  any 
facts  which  we  shall  obtain,  prior  to  their  publication  in  the 
Survey  reports  or  maps. 

I  wish  no  information  or  facts  given  to  parties  who  may 
request  them,  without  my  knowledge  and  permission. 

Respectfully  yours, 
(Signed)  Ciias.  A.  Ashburner, 

Geologist  in  Charge. 

(General  letter  to  coal  companies,  operator,  mining  en- 
gineers, etc.) 

907  Walnut  St.,  Phila., 
December  16,  1881. 

Dear  Sir  :  Since  the  commencement  of  the  regular  work 
of  the  Survey  of  the  Anthracite  Coal-fields,  I  have  been 
requested,  by  a  number  of  persons,  at  different  times,  to 
furnish  them  with  copies  of  some  of  the  facts  which  my 
corps  have  obtained  from  the  individual  operators  and 
operating  companies,  or  from  our  own  personal  examina- 
tion in  the  mines. 

I  have  issued  an  order  to  all  my  assistants  that  the  ex- 
amination of  all  material  (on  their  part)  shall  be  considered 
strictly  confidential,  and  that  no  facts  shall  be  made  public, 
except  through  the  Survey  publications.  I  have  cautioned 
them,  in  addition,  to  exercise  the  utmost  care  in  commenting 
upon  the  plans  or  operations  of  individuals  or  corporations 
with  whom  they  might  come  in  contact.  After  we  shall  have 
our  maps  and  sections  completed  and  ready  for  publication, 
it  is  my  plan  to  submit  them,  for  the  approval  of  the  en- 
gineer in  charge,  before  placing  them  in  the  hands  of  the 
printer. 

I  have  deemed  it  advisable  to  communicate  the  general 
policy  of  the  Survey,  in  this  matter,  to  those  from  whom 
we  may  obtain  any  information. 

Respectfully  yours, 
(Signed)  Ciias.  A.  Ashburner, 

Oeologist  in  Charge. 
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The  adoption  of  this  plan  was  the  means  of  the  Survey 
securing  all  the  information,  which  was  considered  abso- 
lutely essential  in  order  to  permit  the  work  to  be  carried 
on. 

The  only  bore-hole  records  which  were  withheld  from  the 
Survey  were  several  in  the  possession  of  the  Lehigh  Valley 
Coal  Company  and  the  Delaware,  Lackawanna  and  Western 
Railroad  Company.  The  procurement  of  these  records 
was  not  considered  absolutely  essential,  to  a  cori-ect  under- 
standing of  the  general  geological  structure,  of  the  several 
areas  in  which  the  respective  holes  were  drilled,  so  that  the 
Survey's  examinations  were  extended  to  include  these  areas. 
Recol'ds  of  several  of  these  holes,  however,  were  rejwrted 
to  the  Survey  by  individuals  who  had  no  official  connection 
with  the  companies,  who  owned  the  territory  where  the 
holes  were  drilled.  These  copies  were  given  to  the  Survey 
corps  without  any  solicitation  on  the  part  of  any  of  its 
members.  In  what  way  these  records  came  into  the  posses- 
sion of  the  individuals  who  gave  them  to  the  Survey  it  is 
not  known.  These  records,  however,  have  not  been  used, 
except  for  comparison,  since  it  is  the  policy  of  the  Survey 
not  to  make  use  of  any  information  which  may  come  into 
the  hands  of  any  of  the  membei-s  of  the  corps,  unless  its 
use  and  publication  shall  be  authorized  by  the  parties  own- 
ing the  territory  to  which  it  relates. 

Since  no  difficulty  has  been  encountered  in  obtaining  all 
the  information  which  may  be  desired,  in  the  anthracite 
region,  except  in  the  Northern  Coal-field,  it  has  been  thought 
important,  that  those  who  are  interested  in  the  work  of  the 
Survey,  should  have  a  clear  understanding  of  the  general 
policy  which  governs  the  field  corps  in  their  relations  with 
operators  and  miners,  either  individual  or  corporate. 

During  the  progress  of  the  work  a  number  of  applications 
have  been  made,  from  time  to  time,  for  some  of  the  results 
of  the  work,  either  in  the  form  of  tracings  of  maps  and  sec- 
tions or  written  records,  prior  to  their  publication.  In  order 
to  enable  parties  to  make  practical  use  of  the  results  of  the 
work  as  early  as  possible,  it  became  necessary  to  issue  the 
following  order  to  the  members  of  the  corps  and  to  use  the 
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same  as  a  reply  to  correspondents  making  special  demands 
upon  the  Survey.     The  order  was  as  follows : 

907  Walnut  St.,  Phil  a., 
December  16.  1881. 

Dear  Sir  :  I  have  had  a  number  of  at)plications  from  in- 
dividuals and  the  engineers  of  operating  coal  companies  for 
copies  of  the  maps  and  sections  which  have  been  constructed 
of  their  mines  by  the  Geological  Survey,  and  it  has  become 
necessary  to  be  governed  in  such  cases  by  the  following  or- 
der : 

The  maps  and  sections  which  shall  be  constructed  by  the 
Survey  will  be,  prior  to  their  publication,  subject  to  the  ex- 
amination and  study  of  the  individuals  or  officers  of  the 
company  to  whose  land  and  mines  they  relate,  and  to  others 
upon  the  presentation  of  a  written  order  from  the  property 
owners. 

Copies  of  these  illustrations  may  be  made  by  such  per- 
sons ;  and,  if  made  for  them  by  a  draughtsman  in  the  em- 
ploy of  the  Survey,  a  charge  will  be  made  for  the  time  and 
material  required. 

Repectf  ully  yours, 

Chas.  a.  Ashburner, 
Oeologist  in  Charge, 

Many  persons,  in  the  anthracite  region,  who  have  not 
come  into  personal  contact  with  the  field  partj%  and  who  are 
unfamiliar  with  the  plan  of  work  which  has  been  outlined 
in  detail  in  the  First  Report  of  Progress,  have  gotten  the 
impression,  that  the  Survey  corps  are  concerned  only  in  re- 
drawing maps  constructed  by  private  engineers  and  prepar- 
ing them  for  publication.  To  remove  such  an  impression  it 
is  necessary  to  say  that  it  would  be  impracticable  for  the 
State  to  make  any  survey  of  the  anthracite  region  unless 
copies  of  the  maps  and  sections  which  have  been  in  process 
of  construction  for  the  past  sixty  years,  which  have  been 
made  at  a  cost  of  millions  of  dollars,  and  which  could  not 
be  duplicated  by  any  survey  made  by  the  State — even  if  the 
Legislature  should  see  fit  to  make  sufficient  appropriations — 
be  used  as  a  basis  for  the  work. 
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After  copies  of  these  maps  are,  however,  obtained  by  the 
Survey,  it  is  necessary  for  thera  to  be  extended  and  sup- 
plemented by  maps  and  sections  constructed  from  the  orig- 
inal field  work  of  the  Survey  corps,  in  order  to  permit  of  the 
different  maps  being  systematized  into  a  connected  whole, 
by  the  survey  of  areas  between  those  which  have  been 
mapped  by  the  local  mining  engineers,  and  of  which  mo 
surveys  have  ever  been  made. 

In  addition  to  this  original  map  work,  it  has  been  neces- 
sary for  the  Survey  corps  to  construct  cross  sections,  from 
careful  surface  measurements  connecting  all  outcrops,  from 
personal  examinations,  and  from  survey  maps  made  of  the 
mines.  In  fact,  there  is  no  work  connected  with  the  legiti- 
mate occupation  of  a  mining  engineer  and  geologist,  in  map- 
ping the  surface  or  mines,  or  in  the  construction  of  geo- 
logical cross  and  columnar  sections,  which  the  Survey  corps 
have  not  been  called  upon  from  time  to  time  to  engage  in. 

The  amount  of  field  work  which  has  thus  been  required 
to  be  done,  by  the  Geological  Survey,  in  the  Northern  Coal- 
field has  been  so  extensive,  that  the  amount  of  time  spent  in 
collecting  and  copying  information  from  the  surveys  of 
others,  has  consumed  onlv  one  sixth  of  the  time  which  has 
been  required  for  the  original  examinations  and  surveys. 

The  mine  sheets  in  the  Northern  Coal-field  were  origin- 
ally constructed  on  a  scale  of  600  feet  to  1  inch,  but  were 
afterward  reduced  by  photography  to  the  scale  of  publica- 
tion, 800  feet  to  1  inch.  This  scale,  was  adopted,  for  the 
original  maps,  because  the  lines  which  were  actually  sur- 
veyed by  Mr.  R.  P.  Rothwell,  and  used  by  him  in  the  con- 
struction of  his  topographical  map  of  the  Wyoming  Coal- 
field, the  original  of  which  is  now  in  the  possession  of  the 
Geological  Survey,  were  used  as  a  base  for  the  mine  sheets. 

It  was  found  from  surveys  made  by  the  Survey  corps 
that  where  Mr.  Rothwell  had  actually  run  instrumental 
lines,  his  surveys  and  maps  were  remarkably  accurate,  but 
the  surface  features  at  any  distance  from  his  instrumental 
lines  could  not  be  depended  upon.  Mr.  RothwelFs  survey 
lines  were  transferred  from  his  original  map  to  the  Survey 
sheets.     Tracings  were  next  made  of  the  maps  of  the  indi- 
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vidiial  collieries  in  the  possession  of  the  operators  or  min- 
ing enofineers.  Most  of  these  tracings  were  made  from  the 
original  maps,  on  a  scale  of  100  feet  to  1  inch.  These  trac- 
ings were  then  reduced,  either  by  photography  or  panta- 
graph,  to  a  scale  of  6(X)  feet  to  1  inch. 

If  points  were  found  on  these  reduced  individual  mine 
maps,  common  with  points  in  Rothwell's  snrvey  lines,  the 
mine  workings,  with  their  accompanying  land  lines,  were 
transferred  directly  to  their  proper  positions  on  the  mine 
sheets.  Where  two  or  more  points  could  not  be  found  which 
were  common  both  to  the  mine  maps  and  Rothwell's  lines, 
the  Survey  corps  made  such  field  surveys  as  were  required 
to  tit  the  mine  workings  on  the  Survey  sheets. 

Most  of  the  courses  on  the  mine  maps  are  referred  to  va- 
rious magnetic  meridians,  so  that  it  became  necessary  to 
locate  a  true  meridian  on  the  individual  mine  maps  before 
connecting  them.  In  August,  1881,  Prof.  C.  L.  Doolittle, 
of  Lehigh  University,  determined  the  latitude  and  longi- 
tude of  a  point  in  the  Wilkes  Barre  court  house  yard,  and, 
in  addition,  I  he  direction  of  the  true  meridian.  An  effort 
was  made  to  find  the  exact  position  of  some  of  Rothwell's 
stations  in  the  vicinity  of  the  court  house,  in  order  to  deter- 
mine whether  there  was  any  variation  of  the  true  meridian 
as  determined  by  Prof.  Doolittle  and  by  Mr.  Rothwell  re- 
spectively. In  order  to  make  this  calculation,  it  became  ne- 
cessary to  re-survey  one  of  Mr.  Rothwell's  lines,  and  de- 
termine on  the  ground  the  position  of  the  line  as  shown  on 
the  map. 

Such  a  line  was  run,  from  the  Wilkes  Barre  court  house 
to  a  point  on  the  Wyoming  road  near  Forty  Foi-t,  and  from 
this  survey  the  tnie  meridian  line,  as  determined  by  Prof. 
Doolittle,  was  placed  on  Mr.  Rothwell's  original  map  and 
on  the  Snrvey  sheets.  The  north  and  south,  and  east  and 
west  block  lines,  which  are  placed  on  these  sheets,  were  laid 
out  by  the  Survey  and  referred  to  the  Survey  meridian. 

The  land  lines  showing  the  boundaries  of  the  individual 
properties  or  of  mining  tracts,  together  with  such  portions 
of  the  Warrantee  lines  which  had  been  located  bv  the 
mining  engineers,  were  taken  from  the  mine  maps.     The 
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Warrantee  lines  and  the  land  lines  which  existed  on  the 
Rothwell  map  were  found  to  differ  so  widely,  in  position 
from  the  same  lines  on  the  mine  maps,  that  it  became  neces- 
sary, in  order  to  place  the  Warrantee  and  property  lines  on 
that  portion  of  the  mine  sheets  which  were  not  covered  by 
the  companies'  mine  maps,  to  adopt  some  one  map  as  a 
standard.  These  lines  in  such  areas  were  therefore  taken 
from  the  official  atlas  of  Luzerne  county,  compiled  by  Mr. 
J.  P.  Weller. 

All  the  features  shown  on  the  mine  sheets,  which  were 
not  taken  from  Roth  well's  survey  lines,  from  the  mine  maps, 
or  Weller' s  tract  map,  were  determined  by  instrumental  sur- 
veys made  by  the  Survey  corps. 

The  lines  contained  on  the  Weller  maps  have  been  severe- 
ly criticised  bv  some  of  the  local  survevore,  and  the  Sur- 
vey  corps  discovered  a  number  of  errors  in  them  ;  in  some 
cases  it  was  impossible  to  harmonize  the  Weller  lines  with 
those  on  private  maps,  which  came  into  our  possession. 
It  is  believed,  however,  that  the  Weller  sheets  are  as  re- 
liable as  any  one  map  which  could  be  used. 

In  connecting:  the  different  property  lines,  the  corps  was 
much  assisted  by  Mr.  William  H.  Sturdevant,  of  Wilkes 
Barre,  who  is  probably  more  familiar  with  land  lines  than 
any  one  pei-son  in  the  Wyoming  valley,  and  great  reliance 
can  be  placed  upon  his  surveys.  Mr.  Sturdevant  con- 
structed a  map  of  Luzerne  county,  which  was  printed  on  a 
scale  of  4950  feet  to  1  inch. 

The  scale  of  this  latter  map  is  so  small,  however,  and  so 
many  adjustments  of  tract  and  property  lines  have  been 
made  since  its  publication,  that  little  use  could  be  made  of 
it,  except  in  conjunction  with  special  maps,  which  Mr. 
Sturdevant  held  privately,  and  which  were  always  gen- 
erously placed  at  the  disposal  of  the  Survey. 

The  geological  structure  of  the  coal-beds  has  been  defined 
by  contour  curve  lines,  which  were  drawn  along  the  floor  of 
the  different  beds,  on  the  tracings  of  the  original  mine  maps 
(scale  100  feet  to  1  inch) ;  these  structural  lines  were  subse- 
quently reduced,  with  other  data,  to  a  map  having  a  scale 
of  600  feet  to  1  inch. 
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It  was  the  original  purpose  of  the  Survey  to  follow  out 
the  plan,  which  had  been  followed  in  the  Southern  and 
Western  Middle  Coal-fields,  of  contouring  the  floor  of  some 
member  of  the  Baltimore  bed,  under  the  entire  area  of  the 
Wyoming  valley,  by  the  system  described  in  detail  in  the 
First  Report  of  Progress.  This  plan,  however,  was  found  to 
be  impracticable,  since  where  the  valley  was  covered  by  allu- 
vial drift,  no  surface  outcrops  occurred,  and  no  thorough  ex- 
plorations had  been  made  which  would  permit  of  even  a  hy- 
pothetiical  structure  being  suggested  for  the  Baltimore  bed. 

There  are  large  areas  in  the  valley  which  are  covered  by 
alluvial  drift,  and  no  outcrops  of  the  underlying  rocks  are 
to  be  found,  and  it  is  of  course  impossible  to  surmise  a  de- 
tailed local  structure  of  the  coal-beds,  except  by  extensive 
shafting  and  drilling.  In  consequence,  it  was  decided  to 
merely  contour  the  floor  of  the  coal-beds  where  actual  ex- 
ploitations  and  explorations  had  been  made,  and  to  deflne 
the  general  geological  structure  in  other  areas  by  tracing 
on  the  map  the  position  of  the  anticlinals,  and  by  construct- 
ing general  cross-sections  extending  across  the  entire  valley 
from  the  mountain  rims  of  Pocono  Sandstone,  No.  X,  on 
either  side.  Wherever  it  has  been  possible  to  locate  the 
anticlinals,  they  are  shown  on  the  mine  maps  by  blue  lines. 

Three  general  cross-sections  of  the  valley  have  been  par- 
tially completed,  although  they  are  not  ready  for  publica- 
tion, as  follows : 

Section  A  extends  from  Hanover  colliery,  in  Hanover  town- 
ship, north  33"^  46'  west  through  the  town  of  Nanticoke  and 
the  colliery  workings,  which  supply  the  coal  for  Breakers 
Nos.  1,  2,  4,  and  5  of  the  Susquehanna  Coal  Company,  it 
crosses  the  Susquehanna  river  immediately  below  the  Nan- 
ticoke dam,  near  the  north-western  end  of  the  section  line. 

Section  B  extends  from  the  south  conglomerate  outcrop 
of  the  basin  through  the  foot  of  the  Lower  Ashley  Plane 
north  38°  west  through  Richard's  Island,  immediately  west 
of  the  Lance  shaft,  thence  nearly  along  the  line  separating 
the  property  of  the  Delaware  and  Hudson  Canal  Company 
from  that  of  the  Gay  lord  Coal  Company,  to  the  Red  Ash 
outcrop  on  the  north  side  of  the  Wyoming  valley. 
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Section  C  extends  through  the  mine  workings  of  the  Min- 
eral Spring  colHery  north  41°  46'  west,  east  of  and  within 
about  150  feet  of  Hillman's  Island  slope,  through  the  Pros- 
pect, Hillman,  Midvale,  Wyoming,  and  Henry  colliery  mine 
workings,  and  thence  between  the  Forty  Fort  and  Harry  E 
collieries. 

Thirteen  slieets  relating  to  the  western  portion  of  the 
Wyoming-Lackawanna  coal-basin  between  Wanamie  and 
Mill  creek,  both  in  Luzerne  county,  have  been  completed 
and  published  in  the  "Atlas  Northern  Anthracite  Field, 
Part  I."     They  are  as  follows  : 

Six  Geological  and  mixe  sheets,  scale  800  feet  to  1 
inch,  -^\  th  of  nature.  They  show  the  plan  of  all  the 
mines  and  the  shape  of  the  floor  of  the  most  prominent 
coal-bed,  in  those  mines  in  which  levels  have  been  run,  by 
contour  curve  lines  50  feet  vertically  apart.  These  six  sheets 
are  as  follows : 

Plate  1.  Nanticoke  sheet,  in  vicinity  of  Nanticoke  and 
Newport. 

Plate  2.  Warrior  Run  sheet,  in  vicinity  of  Warrior  Run 
and  Hanover ;  contains  also  skeleton  map  between 
AVilkes  Barre  and  Shickshinny,  (scale,  1  mile  to  1  inch.) 

Plate  3.  Plymouth  sheet,  in  vicinity  of  Plymouth. 

Plate  4.  Ashley  sheet,  in  vicinity  of  Sugar  Notch,  Ashley, 
and  South  Wilkes  Barre. 

Plate  5.  Kingston  sheer,  in  vicinity  of  Kingston,  Mill  Hol- 
low, and  Maltby. 

Plate  6.  Wilkes  Barre  sheet,  in  vicinity  of  Wilkes  Barre, 
Three  cuoss-SECTroN  sheets,  containing  vertical  cross- 
sections  exhibiting  the  geological  structure  of  the  coal-beds. 

Scale  of  sections,  400  feet  to  1  inch,  ^Air^li  ^^  nature. 

Plate  7.  Contains  ten  sections ;  through  Boston,  Ply- 
mouth No.  1,  2,  and  4,  Dodson,  Gaylord,  Avondale, 
Nottingham,  Reynolds,  Franklin,  and  Sugar  Notch 
Nos.  9  and  10  collieries. 

Plate  8.  Contains  eleven  sections  ;  through  Maltby,  Forty 
Fort,  "Harry  E,"  Black  Diamond,  Mill  Hollow,  East 
Boston,  Kingston,  Enterprise,  Wyoming,  Henry,  Bur- 
roughs, Prosi)ect,  and  Midvale  collieries. 
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Plate  9.  Contains  five  sections  ;  through  Pine  Ridge,  Mill 

Creek,  Laurel  Run,  Conyngham,  Baltimore,  Diamond, 

(No.  1,)  HoUenback,  (No.  2,)  Red  Ash,  Empire  Nos.  3 

and  4,  Stanton,  and  South  Wilkes  Barre  collieries. 

Four  columnar  section  sheets,  containing  columnar 

sections  showing  the  coal  measures  cut  in  shafts,  tunnels, 

and  bore  holes.     Scale,  40  feet  to  1  inch,  -^th  of  nature. 

Plate  10.  Contains  twenty-one  sections  at  Bennett,  Pine 
Ridge,  Enterprise,  Henry,  Wyoming,  Oakwood,  Pros- 
pect, Conyngham,  Baltimore,  Diamond,  HoUenback, 
Laurel  Run,  Mineral  Spring,  Red  Ash,  and  Young's 
Slope  collieries. 

Plate  11.  Contains  twent5^-one  sections  at  Dorrance,  Em- 
pire Nos.  2  and  4,  Kidder,  Stanton,  South  Wilkes  Barre, 
Franklin,  Sugar  Notch  Nos.  9  and  10,  Ashley  No.  6, 
Hillman  Vein,  and  Maffet  collieries. 

Plate  12.  Contains  twenty  sections  at  Maltby,  Forty  Fort, 
''Harry  E,"  Black  Diamond,  East  Boston,  Kingston, 
Mill  Hollow,  Plymouth  No.  2,  and  Boston  collieries. 

Plate  13.  Contains  twenty  sections  at  Plymouth  No.  4, 

Lance,  Gaylord,  Dodson,  Wanamie,  Alden,  Avondale, 

Chauncey,  Nottingham.  Susquehanna  shafts  Nos.  1  and 

2,  Hanover,  and  Warrior  Run  collieries. 

Topographical  sheets  and  other  illustrations  relating  to  the 

area  covered  by  the  above  six  geological  and  mine  sheets 

will  appear  in  additional  parts  of  the  Atlas  of  the  Northern 

Anthracite  Field  and  in  future  Reports  of  Progress. 


Chapter  VII. 

Description  of  the  Oeological  and  Mine^  and  the  Columnar 

Section  Sheets^  Northern  Coalfield. 

The  facts  which  are  published  on  the  geological  and  mine, 
and  on  the  columnar  section  sheets,  contained  in  the  North- 
ern Coal-field  Atlas,  are  represented  with  such  clearness 
that  it  would  seem  unnecessarj'  in  this  place  to  make  any 
special  reference  to  them,  unless  a  general  statement  was 
made  as  to  the  identity  of  the  individual  coal-beds  which 
have  been  developed  at  the  different  collieries  in  this  por- 
tion of  the  AVyoming  Coal-field. 

Great  discrepancies  and  inconsistencies  exist  in  the  names 
which  have  been  assigned  to  the  coal-beds,  not  only  in  this 
region  but  elsewhere  throughout  the  entire  anthracite  fields. 
Names  have  been  erroneously  given  to  certain  coal-bed?, 
for  numerous  and  indeT3endent  reasons  at  different  collieries ; 
sometimes  the  classification  has  been  based  upon  the  judg- 
ment of  the  coal  trade  as  to  the  character  of  the  coal  pro- 
duced ;  sometimes  on  the  similarity  of  the  associated  rocks, 
both  as  regards  their  character  and  the  thickness  included 
between  an  overlying  or  underlying  coal-bed ;  sometimes 
on  the  physical  appearance  of  the  entire  coal-bed,  or  the  in- 
dividual portions  of  the  bed,  where  it  has  been  broken  up 
into  different  coal -benches,  separated  by  layers  of  sandstone, 
slate,  or  bony  coal  ;  sometimes  on  a  systematic  study  of  the 
geological  structure  of  the  coal-basins  in  which  the  coal-beds 
have  been  found  ;  sometimes  on  a  similarity  of  chemical 
composition  and  the  character  and  amount  of  ash  obtained 
in  actual  consumption :  still  other  reasons  might  be  named. 

It  is  the  purpose  of  the  Geological  Survej%  to  make  a 
special  examination  of  the  individual  characteristics  of  the 
different  coal-beds  in  all  the  mines  in  the  AVyoming  valley, 
in  order  to  make  estimates,  similar  to  those  already  made  in 
the  Panther  Creek  basin,  (see  First  Report  of  Progress,)  as 

(866) 
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to  the  amount  of  coal  which  was  originally  contained  under 
definite  areas,  the  amount  of  coal  taken  out,  and  the  amount 
which  still  remains  to  be  mined.  This  work  has  not  yet 
been  undertaken  in  the  Northern  Coal-field,  and  it  would 
be  presumption  on  the  part  of  the  Survey  to  enter  into  a 
general  description  of  the  identity  of  all  the  coal-beds,  until 
this  examination  shall  have  been  made.  Special  investiga- 
tions, however,  have  been  made  as  to  the  identity  of  certain 
beds  (1)  in  order  to  i)ermit  of  the  construction  of  the  cross- 
sections  contained  on  the  three  sheets  in  the  Northern  Coal- 
field Atlas,  Part  I,  and  (2)  in  order  to  permit  of  the  adop- 
tion of  colors  for  representing  the  mine  workings  in  the  dif- 
ferent coal-beds  on  the  mine  sheets  ;  it  being  important  that 
all  the  workings  in  one  bed,  on  the  different  sheets,  should 
be  represented  by  one  color. 

Such  general  conclusions  as  would  permit  of  these  two  ob- 
jects being  accomplished  are  clearly  defined  as  follows : 

1.  By  the  dotted  lines  connecting  one  or  more  coal-beds 
in  the  individual  columnar  sections,  with  coal-beds  in  ad- 
joining sections,  contained  on  Columnar  Section  Sheets  I, 
II,  III,  and  IV  of  the  Northern  Coal-field  Atlas. 

2.  By  showing  the  connected  structure,  in  the  cross-sec- 
tions between  the  different  mine  workings,  shafts,  slopes, 
and  bore-holes  which  are  shown  on  the  numerous  sections. 

3.  By  common  colors  assigned  to  the  individual  mine 
workings  on  the  different  mine  sheets,  which  have  already 
been  referred  to. 

The  character  of  the  strata  has  only  been  determined,  in 
those  localities  where  the  cross-sections  have  been  shaded. 
For  more  definite  information,  respecting  the  thickness  and 
character  of  the  coal-beds,  and  of  the  strata  between  them, 
reference  must  be  made  to  the  Columnar  Section  sheets. 

The  positions  of  the  coal-beds  are  only  known,  with  any 
certainty,  where  they  are  indicated  by  a  heavy  line  or  by 
two  light  lines.  In  the  latter  case  the  coal  has  generally 
been  worked  out  of  the  bed,  where  the  section  plane  inter- 
sects it.  Where  the  coal-beds  are  represented  by  a  single 
line,  their  positions  are  only  approximately  known. 

Although  a  general  description  of   the  identity  of   the 
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coal-beds  mast  be  temporarily  deferred,  it  seems  that  it 
would  be  useful,  to  those  making  a  personal  study  of  the 
atlas  sheets,  that  some  general  reference  should  be  made 
here,  which  may  be  of  assistance  in  a  better  understanding 
of  the  details  contained  on  the  individual  sheets. 

Below  is  given  a  list  of  the  collieries  on  the  Northern 
Coal-field  mine  sheets,  arranged  alphabetically,  and  the 
names  of  the  operators,  together  with  the  names  of  the  coal- 
beds  which  have  been  explored  and  the  names  of  those  coal- 
beds  which  have  been  practically  mined  at  each  colliery. 


Beds  proved  by 

Name  of  colliery. 

Operator. 

colliery  work- 
ings. 

Beds  worked. 

Avon  dale,    .... 

D.L.&W.R.R.CO., 

IvOSS,             .... 

Red  Ash. 

Red  Ash. 

Alden, 

Alden  Goal  Go., 

Bennett,    .... 

Bennett. 

Twin, 

Twin. 

Roes, 

Roes. 

Red  Ash. 

Baltimore  Tunnel, 

D.  &H.G.  Go.,    . 

Baltimore,    .  .   . 

Baltimore. 

R(«9,        

Red  Ash. 

Red  Ash. 

Baltimore  Slope,  . 

D.  A  H.  G.  Go.,   . 

Baltimore,    .  .  . 

Baltimore. 

Bennett, 

Waddell  A  Go.,  . 

Gooper,      .... 

Gooper. 

Bennett,    .... 

Bennett. 

Black  Diamond,    . 

John  G.  Haddock, 

Lance, 

Gooper. 

Gooper, 

Bennett. 

Bennett. 

Boflton, 

D.  A  H.  G.  Go.,  . 

Lance, 

Tjanoe. 

Gooper,     .      .  . 

Gooper. 

Bennett,    .... 

Benne  t. 

Burrouf^hs,  .... 

L.  V.  G.  Go., 

Hillman,          .  . 

Hillman. 

Ghaunoey,    .... 

T.  P.  MoFarlane, 

Four  Foot  or  Ross, 

Four  Foot  or  Ross. 

Red  Ash,  .... 

Red  Ash. 

Conyngham,    .  .  . 

D.  A  H.  G.  Go.,  , 

JV,              .        ... 

Hillman. 

J,  Seven  Foot,  or 

Baltimore. 

Abbott. 

I,    Kidney  or 

Bowkley. 

H  or  Hillman. 

Baltimore. 

Ross. 

Red  Ash. 

Diamond, 

L.&WB.G.GO., 

Hillman,    .... 

Hillman. 

Baltimore,    .  .  . 

Baltimore. 

Dodson, 

Plymouth  G.  Ga, 

Lance, 

Lance. 

Hillman,       .  .  . 

Hillman. 

Old  Bennett,    .   . 

Old  Bennett. 

FlveFoot,     .   .  . 

Baltimore. 

Baltimore. 

Dorrance,     .... 

L.  V.  G.  Go.,     .  . 

Rock, 

Abbott. 
Bowkley. 

Hillman. 

Hillman. 
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Name  of  ooliiery. 


Operator. 


Beds  proved  by 
ooJliery  work- 
ings. 


Beds  worked. 


East  Boston,    .  .  . 


Empire  No.  2,    .  . 
Empire  No.  4,    .  . 


Enterprise,  .  .  . 


Franklin, 


Fuller, 

Forty  Fort, .... 


Oaylord, 


Hanover  Na  17,    . 


"Harry  E,'»     .  .  . 


Hartford   No.   6, 
(Ashley.) 


Henry, 


Hillman, 


Hillman  Vein,  .  . 
Hollenbaok  No.  2, 

24 


W.G.Payne&Co., 


L.&WB.C.CO., 
L.&W:B.C.Co., 


Langdon  &  Co., 


FranklinCoalCo., 

D.L.&W.R.R.CO., 
J.  H.  Swoyer,  .  . 

Gay  lord  Coal  Co., 


L1.&WB.C.C0., 


J.  H.  Swoyer, .  . 


L.&  WB.C.  Co., 


L.V.  C.Ca,     .  . 


H.Baker  Hillman, 


Hillman   Vein 

CoaJ  Co. 
L.  A  W  B.  C.  Co., 


.  .  .  • 


... 


Lance, 

Cooper, 

Bennett 

Ross. 

Red  Ash. 

Ross, 

Red  Ash, 

Kidney, 

Hillman, 

Baltimore, 

Rots. 

Red  Ash. 

Hillman. 

Five  Foot,     .  . 

Upper  Baltimore, 

Lower  Baltimore, 

Four  Foot, 

Baltimore, 

Robs, 

Red  Ash, 

Six  Foot,    . 

Eleven  Foot 

Four  Foot, 

Six  Foot, 

Eleven  Foot, 

Orchard,    . 

Five  Foot, 

Cooper,  .  . 

Bennett,    . 

Checker,    . 

Robs. 

Red  Ash. 

Six  beds  with  a 
thickness  of  6 
feet  or  more,  but 
unidentified. 

Baby  Tunnel,  .  . 

Eleven  Foot,    .  . 


f      •      •      • 


Red  Ash. 
Hillman,    .  .  .  . 
Baltimore,    .  .  . 

Ross,       

Red  Ash. 
Five  Foot, 
Upper  Baltimore, 
Lower  Baltimore. 


New,    .  .  . 
Snake  Island, 
Abbott,  .   . 
Bowkley,  . 
HUlman,    . 
Hillman,    . 
Leader, 
Seven  Foot, 
Kidney,     . 
Hillman. 
Baltimore. 


Cooper. 
Bennett. 


Red  Ash. 

Hillman. 
Baltimore. 
Red  Ash. 


Hillman. 

Five  Foot. 

Upper  Baltimore. 

Lo«%er  Baltimore. 

Baltimore. 

Ross. 

Red  Ash. 

Six  Foot. 

Eleven  Foot 

Four  Foot. 

Six  Foot 

Eleven  Foot. 

Five  Foot 

Cooper. 

Bennett. 

Ross. 

Red  Ash. 


S  beds  worked  un- 
identified. 


Baby  Tunnel. 
Eleven  Foot 
Rosa 

Baltimore. 
Roes. 
Red  Ash. 

Upper  Baltimore. 
Lower  Baltimore. 


New. 

Snake  Island. 

A  bbott. 

Bowkley. 

Hillman. 

Hillman. 

Leader. 

Hillman. 

Baltimore. 
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Name  of  oolliery. 


Operator. 


Beds  proved  bj 
colliery  work- 
ings. 


Beda  worked. 


Hollenback, 
(R.  S.  Poole,) 


Kington    No.    1,   ) 
•*         Na    2,  S 


Lanoe, 


R.  S.  Poole,  .  .  . 


KingatonCoai  Go. , 


L.&WBL0.0O., 


Laurel  Run,    .  .  . 

Maffet, 

Maltbj,     


Midvale, 

Mill  Greek,     .  .  . 
Mill  HoUow,      .  . 

Mineral  Spring,     . 

Nottingham,  No.  15, 
Oakwood,     .... 


D.  A  H.  G.  Go.,  . 
Hanover  Goal  Ga, 
L.  V.  G.  Go.,    .  . 


Parrish, 


D.  A  H.  G.  Go.,  . 


L.  V.  G.  Go. ,  .  . 

Waddeli  A  Wal- 
ter. 


L.  V.  G.  Ca,    .  . 

L.  A  W.  B.  G.  Go., 
L.V.  G.  Go.,    .  . 


Pine  Ridge,  .  .  . 
Plymouth,  No.  2, 


Parrish  Goal  Go., 

D.  A  U.  G.  Ga,  . 
D.  A  H.  G.  Go.,   . 


Bowkley,  .  . 
Hillman,    .  . 

Orchard,     .  . 

Lance,     .  .  • 

Cooper,      .  . 

Bennett,    .  . 

ROflBt  .    .    . 

Red  Ash. 

Hutchison, 

Lanoe, 

Hillman, 

Old  Bennett, 

Five  Foot,     . 

Gooper, 

Bennett, 

Gooper, 

Bennett, 

Ross, 

Red  Ash, 

Four  Foot, 

Six      Foot      or 

Gooper, 
Eleven   Foot  or 

Bennett, 
Nine  Foot, 
Ross. 
Abbott,  . 
Bowkley, 
Hillman, 
Gooper,  . 
Bennett, 
Cooper, 
Bennett, 
Rom, 
Red  Ash, 
Cooper, 
Bennett, 
Ross,  .   . 
Ross,  .  . 
Red  Ash, 
Abbott, 
Bowkley, 
Hillman. 
Upper  Baltimore. 
Lower  Baltim  re. 
Six  Foot. 
Baltimore, 
Ross, 

Red  Ash,  . 
Gooper, 
Bennett, 
Hutchison, 
Lanoe,    .  . 
Hillman, 
Old  Bennett, 
Five  Foot, 
Gooper,  . 
Bennett. 


Bowkley. 
Hillman. 

Lanoe. 
Gooper. 
Bennett. 
Roes. 
Red  Ash. 

Hutchison. 

Jjance. 

Hillman. 

Old  Bennett. 

Five  Foot. 

Gooper. 

Bennett. 

Gooper. 

Bennett. 

Roes. 

Red  Ash. 

Four  Foot. 

Six      Foot      or 

Gooper. 
Eleven    Foot  or 

Bennett. 
Nine  Foot. 

Abbott 

Bowkley. 

Hillman. 

Gooper. 

Bennett. 

Gooper. 

Bennett. 


Red  Ash. 

Gooper. 

Bennett. 

Ross. 

Ros^ 

Red  Ash. 

ITpper  Baltimore. 

Lower  Baltimore. 


Baltimore. 

Ross. 

Red  Ash. 

Cooper. 

Bennett. 

Lance. 

Hillman. 

Old  Bennett. 

Five  Foot. 

Cooper. 

Bennett. 
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Beds  proved  by 

Name  of  colliery. 

Operator. 

colliery  work- 
ings. 

Beds  worked. 

Plymouth,  No.  3,  . 

D.  A  H.  C.  Co.,  . 

11  ill  man,          .  . 
Old  Bennett? 

Hillman. 

Five  Foot,    .  .  . 

Five  Foot. 

Cooper,  .... 

Cooper. 

Plymouth,  Na  4,  . 

D.  A  H.  C.  Co.,  . 

Beimett,    .  .  . 

Bennett. 

Ross. 

Red  Ash. 

Red  Ash. 

Plymouth,  No.  6,  . 

D.  AH.  C.  Co.,    . 

Cooper 

Cooper. 

Bennett,    .  .   . 

Bennett 

ProBpect, 

L.  V.  C.Co.,    .  . 

Bowkley,  .... 

Cooper. 

Hill  man,  .... 

Bennett. 

Cooper. 

Bennett. 

Red  Ash,  No.  1,     . 

Red  Ash  Ci  al  Co., 

Ross, 

Ross. 

Six  Foot,  .  .  . 

Six  Foot. 

Red  Ash,  .... 

Red  Ash. 

Red  Ash,  No.  2,     . 

Red  Ash  Coal  Co., 

R06S 

Ross. 

Six  Foot,  .... 

Six  Foot. 

Red  Ash,  .... 

Red  Ash. 

Reynolds,     .... 

L.  AW  B.C.  Co., 

Red  Ash,  .... 

Red  Ash. 

Salem, 

Salem  Coal  (^o.,  . 

Buck  Mountain, 

Buck  Mountain. 

South  Wilkes  Barre 

L  AW  B.C.CO., 

Seven  Foot,  .  .   . 

Seven  Foot. 

Kidney,     .  .  . 

Kidney. 

Hil  man,   .... 

Hillman. 

Stanton, 

L.  AW  B.C.  Co., 

Kidney,     ... 

Baltimore. 

• 

Hillnian. 

Lodgement. 

Baltimore. 

Sugar  Notch,  No.  10, 

L.AWB.C.  Co., 

Kidney,     .... 

Kidney. 

Hillman,  .... 

Hillman. 

Baltimore,    .   . 

Baltimore? 

Sugar  Notch,  No.  9, 

L.AWRC.CO, 

Shaft, 

Shaa. 

Rosa,       

Ross. 

Red  Ash, 

Red  Ash. 

Susquehanna   col- 

Susquehanna  C. 

Diamond  George 

lieries, 

Co., 

or  I. 
Orchard  Slope, 

No.  4,  or  H, 

Orchard  Slope, No. 

* 

Hillman  Slope, 

4,  or  H  bed. 

No.  2,  or  G, 

Hillman    Slope, 

Lance,  or  Four 

No.  2,  or  G  bed. 

Foot. 

Cooper,  or  F,  .   . 

Cooper,  or  F. 

Bennett,    Forge, 

Bennett,  Forge,  or 

orE, 

E. 

Twin  or  D. 

Ross  or  C,     .   . 

Ro»8  or  C. 

Buck  Mountain, 

Buck  Mountain. 

Red  Ash. 

Wanamie,  No.  18, . 

L.AWB.C.Ca, 

Baltimore,    .  .   . 

Baltimore. 

Ross,       .... 

Ro-R. 

Red  Ash, 

Red  Ash. 

Wsnamie,  No.  19,  . 

L.  A  W  B.  C.  Co., 

Unidentified  t>eds 

Baltimore. 

Baltimore,    .  . 

Ross. 

ROKB,        

Red  Ash. 

Red  Ash. 

Warrior  Run, .  .  . 

A.  J.  Davis,     .  . 

B, 

B. 

C,     

C. 

D 

D. 

E 

£. 
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Beds  proved  by 

Nameofooliiery. 

Operator. 

colliery  work- 
ings. 

Beds  worked. 

Wyoming,    .... 

Li.  V.  0.  Co.,    .   . 

Hillman,  .... 

Hillman. 

Five  Foot,    .  .  . 

Five  Foot 

Upper  Baltimore, 

Upper  Baltimore. 

Lfjwer  Baltimore, 

Lower  Baltimore. 

Four  Foot,       .  . 

Four  Fo  a. 

West  End,  Na  1,  . 

West  End  C.  Co., 

( 'hurcb. 

R')ss,          .... 

Re  1  Ash. 

Red  Asb,  .... 

Ross 

West  End,  No.  2,  . 

West  End  C.  Co., 

XWQB|                  •     •      «      • 

Red  Ash. 

Red  Ash. 

. 

Nardicoke  Mine  and  Oeological  Sheet  No,  HI. 

This  sheet  embraces  the  area  in  the  vicinity  of  Nanti- 
coke.  The  names  of  the  coal-beds  which  have  been  worked 
on  this  sheet,  their  individual  average  thicknesses,  and  the 
name  of  the  corporation  by  which  they  have  been  mined 
are  as  follows : 


Name  of  Coal  Bed. 


Mills 

Hillman,  .  .  .  , 
Bennett,*  .  .  . 
Bennett*  .  .  . 
Baltimore,*  .  .  . 

Ross,      .... 

Twin, 

Bnok  Mountain, 

Red  Asb,  .  .   .  , 


Mined  by. 


Susquehanna  d^al  Co. 

Susquehanna  Coal  Co. 

Susquehanna  Coal  Co. 

Alden  Coal  Co. 

Leblgb  and  Wilkes  Barre    Coal 

Co.,  at  Wanamie. 
Susquehanna  Coal  Co. 
Alden  Coal  Co. 
Susquehanna  C>>al  Co. 
Ltehigb   and   Wilkes  Barre   Coal 

Co.,  at  Wanamie. 


These  coal-beds  are  placed  in  the  table  in  the  order  of  their 
geological  superposition  among  the  workable  beds,  the  Red 
Ash  bed  occurs  immediately  on  top  of  the  Pottsville  Con- 
glomerate, No.  XIT,  and  the  Mills  bed  is  furthest  removed 
from  it.  The  same  order  in  naming  the  coal-beds  is  ob- 
served in  the  description  of  the  other  mine  sheets. 

The  variability  in  the  thickness  of  the  individual  coal- 
beds,  in  limited  areas,  is  very  great,  so  that  it  is  impossible 


*  The  correct  naming  of  these  Coal-bed9  has  been  questioned. 
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of  ten-times  to  si)eak  of  any  one  coal-bed  liavino^  an  average 
thickness  over  any  special  area ;  or  is  it  possible,  to  get  any 
practical  idea  of  the  amount  of  coal  contained  in  such  a 
bed,  unless  a  definite  statement  is  made  as  to  the  amount 
of  slate  or  bony  coal  which  is  interstratified  with  the  good 
coal. 

These  thicknesses  are  of  no  use  for  purely  local  consider- 
ations, but  will,  no  doubt,  serve  to  answer  many  questions 
which  have  been  frequently  asked  of  the  Survey,  as  to  what 
might  be  considered,  in  a  general  way,  an  average  thickness 
of  certain  beds,  in  defined  areas.  In  addition  to  the  beds 
which  have  been  enumerated,  there  are  contained  within  the 
area  embraced  by  this  mine  sheet  two  other  well  recognized 
beds,  known  hs  the  Diamond  or  George  bed  and  the  Lance 
or  Four  Foot  bed,  besides  nine  or  ten  small  beds,  varying 
from  1  to  3  feet  in  thickness,  which  are  described  under  the 
general  term  of  coal-beds  without  any  special  name  being 
assigned  to  them. 

The  Dundee  shaft,  about  a  mile  and  a  half  from  Nanti- 
coke,  cuts  higher  coal  measures  than  have  been  encountered 
in  any  other  shaft  in  the  Northern  Coal-field.  The  depth  of 
this  shaft  is  reported  to  be  812  feet,  and  from  the  bottom  of 
the  shaft  it  is  reported  a  bore  hole  was  drilled  to  a  depth  of 
868  feet,  making  a  total  thickness  of  the  coal  measures,  at 
this  point,  of  nearly  1700  feet.  It  has  generally  been  con- 
sidered that  the  Dundee  shaft  is  located  in  the  deepest  part 
of  the  Wyoming  basin  ;  it  is  more  probable,  however,  that 
the  deepest  part  of  the  basin  is  a  mile,  more  or  less,  south- 
east of  the  Dundee  shaft,  and  a  few  hundred  yards  east  of 
Askam  Cross  Roads.  A  section  of  the  Susquehanna  Coal 
Company's  shafts,  Nos.  1  and  2,  may  be  taken  as  represent- 
ing an  average  section  of  the  coal  measures  contained  on 
this  sheet.  (See  sheet  of  columnar  sections  of  the  Northern 
Coal-field  accompanying  this  report.) 

The  following  are  elevations  of  prominent  points  on 
Mine  Sheet  No.  Ill,  compiled  from  various  sources,  and 
based  upon  the  datum  of  the  levels  of  the  Lehigh  Valley 
Railroad : 
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Elevation  of  Prominent  Points  on  Mine  SJieet  No.  III. 

Feet 
above  tide. 

Wanamie   Station,  ^  644.2 

Alden  <*         I  Lehigh  and  Sasquehanna  branch         633.5 

Lee  Mine         «  [      P.  <fc  R.  R.  R  642.7 

Kanticoke       *<         j  .540.0 

Nantiooke  Station,  D.  L.  <fe  W.  R.  R., 538.09 

Susquehanna  Coal  Co.  Breaker,  No.  3,  Susquehanna  Coal  Co. 

R.  R.,     584.66 

Susquelianna  Coal  Co.  Breaker,  Ko.  5, 588.2 

Wanamib  (No.  18)  Collibry,  (L.<fe8.  R.  R.) 

Headofslope, 644.0 

Foot        "         568.4 

Ueadof  plane,  No.  1,  (Baltimore  ooal-bed,) 667.8 

Foot        "  »«    1,  «*  "  659.2 

Head      "  "2,  ••  "  608.9 

Foot        "  "2,  "  «*  662.6 

Head      "  "3,  "  "  597.9 

Foot        ««  "8,  "  "  559.4 

Head      •«  "4,  •<  "  678.8 

Foot        "  "4,  *«  "  559.4 

Head  of  inside  slope,  •*  «  564.4 

Foot  ««        ii  «i  u  4i6.t) 

Mouth  of  inside  tunnel,  (inside,) 559.4 

Head  of  plane  No.  1,  Roia  ooal-bed, 690.1 

Foot  ••         *•         "         •«  567.2 

Mouths  of  Ross  drifts  on  oreek, 721.2 

Head  of  No.  4  slope,     678.0 

Top  of  bore  hole,     687.5 

Bottom  of  bore  hole, 577.0 

Aldsn  Colliebt,  (L.  <fe  S.  R.  R.) 

Topofsbafb,     ...  619.8 

Landing  of  shaft,  tunnel  to  Bennett  ooal-bed, 897.2 

Ijanding  of  shaft,  Twin  ooal-bed, 848.1 

Tunnel  from  shaft  to  Ross  and  Red  Ash  ooal-beds, 646.5 

Susquehanna  Coal  To.,  (N.  <fc  W  B.  R.  R.) 

Top  of  shaft  No.  1,  rail  surface  landing, 588.83 

Topof  shaft  No.  1,  top  of  coping, 587.16 

Rail,  Hillman  landing.  No.  1, 208.5 

Rail,  Bennett  landing.  No.  1, 47.18 

Rail,  Buck  Mtn.  landing,  No.  1,         897.97 

Head  of  plane,  Bennett  bed,  (inside,) 185.05 

Foot  of  plane,  Bennett  bed,  (inside,)       59.91 

Head  of  new  plane,  Bennett  bed   (inside,) 159.61 

Footof  new  plane,  Bennett  bed,  (inside,) 54.29 

Top  of  shaft.  No.  2, 547.87 

Foot  of  shaft,  No.  2, -48.59 

Head  of  inside  slope,  Shaft  No.  2 -4a 49 

Head  of  slope,  No.  1, 582.51 
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Feet 
above  tide. 

First  lift  of  slope,  No.  1, 455.0 

Second  lift  of  slope,  No.  1, 854.5 

Third  lift,  east  of  slope,  Na  I, 278  27 

Thirdlift,  west  of  slope,  No.  1, 256.13 

Foot  lift,  west  slope,  Na  I, 125.80 

Headofslope,  No.  2, 604.99 

First  lift  of  slope,  No.  2, 859.50 

Footofslope,  No.  2,      268.5 

Mouthofdrift  toNa  8slope, 620.93 

Head  of  No.  8  slope,      622.68 

First  lia  of  No.  3  slope,      536.0 

Seoond  lift  of  No.  8  slope, 491.0 

Third  lift  of  No.  3  slope, 892.5± 

Fourth  lift  of  No.  8  slope, 829.6± 

Fifth  lift  of  Na  3  slope, 261.5± 

Top  of  slope,  No.  4,         553.97 

Firstliftofslope,  No.  4, 882.8 

Seoond  lilt  of  slope,  No.  4 293.0 

Thirdliftofslope,  No.  4, 231.6 

Foot  lift  of  slope,  No.  4, 169.2 

Grand  tunnel, 549.01 

Tunnel,  No.  1, 556.51 

Tunnel,  No.  4, 520.71 

Top  of  MoFarland's  shaft,     549.49 

Mouth  of  Chaunoey  tunnel, 540.85 


Warrior  Run  Mine  and  Oeological  SJieet^  No,  IV, 

There  have  been  but  two  collieries  worked  on  this  sheet, 
the  Warrior  Run  and  the  Hanover.  The  Hanover  eollierv 
has  been  abandoned  for  some  time,  and  the  mining  records, 
relating  to  it,  have  not  been  kept  with  suflSicient  detail,  to 
permit  of  definite  conclusions  as  to  the  character  or  identity 
of  the  beds  opened. 

A  bore-hole  has  been  sunk  to  the  Pottsville  Conglomerate 
north  of  the  Hanover  colliery,  but  it  is  difficult  even  to 
identify  the  individual  beds  in  the  bore-hole  with  those  cut 
in  the  water-level  tunnel  of  the  eollierv.  .  There  are  seven 
beds  cut  in  the  tunnel,  ranging  from  4'  3''  to  13'  6"  in  thick- 
ness, and  six  other  seams  ranging  from  V  0''  to  3'  6''  in 
thickness. 

At  the  Warrior  Run  eollierv  there  are  four  beds  worked, 
B,  C,  D,  and  E,  respectively.  They  are  shown  on  the  work- 
ing map  as  the  Red  Ash,  Ross,  Bennett,  and  Cooper  coal- 
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beds.  It  is  thought,  however,  that  these  beds  are  the  Red 
Ash  and  Ross  divided,  and  of  unusual  thickness.  This  ten- 
dency of  tlie  beds  to  split  and  thicken  is  developed  at  the 
Sugar  Notch  colliery,  just  east  of  Warrior  Run.  The  thick- 
ness of  the  beds  at  Warrior  Run  are  as  follows :  B,  10  feet ; 
C,  10  feet ;  D,  7  feet,  and  E,  19  feet.  The  last  coal-bed,  how- 
ever, contains  a  3'  9'^  bench  of  fire-clay  dividing  the  main 
coal-benches.  This  division,  as  seen  in  the  workings,  is  very 
suggestive  of  the  Ross  coal-bed. 

The  section  of  the  Hanover  bore-hole  may  be  taken  to  be 
a  representative  section  of  the  coal  measures  on  this  sheet. 
The  coal  beds  in  this  section  have  been  numbered  from  1  to 
8  inclusive,  since  the  identity  of  the  individual  beds  has 
not  been  finally  established. 

Elevations  of  Prominent  Points  on  Mine  Sheet  No,  IV. 

Feet 
above  tide* 
li.  v.  R.  R. 

Warrior  Run  Station, 716. 5 

Newport  Station, 1023.0 

1m  a  s.  r.  r. 

Warrior  Run  Station, 681 .0 

Hanover, 654.05 

Hanover  Colliery,  (L.  <fe  8.  K  K) 

Mouth  of  tunnel, 708. 1 

Head  of  slope 720.6 

Footofalope, 268.6 

Warrior  Run  Colliery,  (L.  V.  R.  R.) 

Head  of  Red  Ash  coal-bed  slope, 828.0 

Ist  lilt  of  Red  Ash  coal-bed  slope, 720.0 

2d  liil  of  Red  Ash  coal-bed  slope, 608»0 

8d  lift  of  Red  Ash  coal-bed  slope, 448.0 

Foot  of  Red  Ash  coal-bed  slope,' 802.9 

Head  of  Cooper  coal-bed  slope 460.9 

Foot  of  Cooper  coal-bed  slope, 808. 7 

Pli/mouth  Mine  and  Oeological  Sheet  No,  V. 

The  area  embraced  by  this  sheet  lies  around  the  town  of 
Plymouth,  which  occupies  very  nearly  a  central  position  on 
the  sheer.  In  this  area  the  following  coal-beds  have  been 
found : 
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Namb  of  Bed. 


Hutohison, 

Lanoe, 

Hillman, 

Old  Bennett, 

Five  Foot, 

Cooper,*   ...  1 

I    Baltimore 
•     f        bed. 

Bennett,* .  .  .  j 


Rom, 


Red  Asb, 


Average 
thickness. 

Mined  by. 

6'  0'' 
6'  0" 

No  mining  recorded. 
Plymouth  Coal  Co. 
L.  A  w  a  C.  Co. 

D.  A  H.  C.  Co. 

10'  0" 

Plymouth  poal  Ca 
L.  A  W  B  C.  Ca 

D.  A  H.  C.  Co. 

12'  0 ' 

Plymouth  Coal  Co. 
L.  A  W  B.  C.  Co. 

D.  A  H.  C.  Co. 

6'  0" 

Plymouth  Coal  Co. 
D.  A  H.  C.  Co. 

10'  0" 

Plymouth  Coal  Co. 
L.  A  W  B.  C.  Co. 

D.  A  H.  C.  Co. 

8'  0" 

Gaylord  Coal  Co. 
Plymouth  Coal  Co. 
L.  A  W  B.  C.  Co. 

D.  A  H.  C.  Ca 

Gavlord  Coal  Co. 

4'  0" 

D.*L.  A  W.  R  R.  Co. 

L.  A  W  R  C.  Co. 

Parrish  Coal  Co. 

Gavlord  Coal  Co. 
D.AH.  C.  Co. 

T.  P.  Macfarlane. 

20'  0" 

D.  L.  A  W.  R  R.  Co. 

L.  A  W  B.  C.  Co. 

Gavlord  Coal  Co. 

D.  A  H.  C.  Co. 

Parrish  Coal  Co. 

The  bed  which  has  been  most  extensively  mined  is  the 
Red  Ash,  At  the  Nottingham,  Reynolds,  Jersey,  and 
Avondale  collieries,  all  of  which  lie  to  the  north  of  the 
Susquehani^a  river  and  west  of  the  town  of  Plj'^mouth,. 
this  bed  has  been  worked  almost  exclusively.  The  same 
bed  has  been  worked  to  some  extent  from  the  Plymouth 
shaft.  No.  4,  of  the  Delawai^e  &  Hudson  Canal  Company 
and  from  the  Gaylord  shaft.  The  bed  seems  to  reach  its 
maximum  thickness  and  produces  the  best  qiialit}''  of  coal 
in  those  areas  where  the  surface  of  the  valley  is  too  low 
to  contain  the  Baltimore  bed. 

At  some  remote  period,  when  the  Wyoming  valley  was 
underlaid  by  higher  geological  strata  than  at  the  present 
time,  these  strata  having  been  removed  by  the  process  of 


*  Where  Bennett  and  Cooper  are  together  on  this  aheet,  the  average  thick- 
ness is  15  feet 
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erosion  ;  the  Red  Ash  bed  must  have  been  overlaid  by  the 
Baltimore  bed  at  every  point,  so  that  the  fact  of  the  absence 
of  the  latter  bed,  at  the  present  time,  can  in  itself  have  no- 
thing to  do  with  the  thickness  and  quality  of  the  Red  Ash 
coal-bed.  If  it  was  known,  what  had  been  the  character  of 
the  Baltimore  bed  in  the  areas  overlying  the  present  Red 
Ash  bed,  and  from  which  it  has  been  eroded,  it  might  be 
found  that  the  Baltimore  bed  in  those  areas  was  thinner 
than  at  other  points.  As  a  matter  of  fact,  in  many  areas 
both  in  the  anthracite  and  bituminous  coal-fields,  it  has  long 
been  known  that  one  or  more  coal-beds  might  be  thick  and 
contain  coal  of  pure  quality  in  special  areas  to  the  sacrifice 
of  the  thickness  and  purity  of  overlying  or  underlying 
beds.  This  fact  can  be  explained  by  geological  reasons  di- 
rectly connected  with  the  origin  of  the  conl-beds. 

The  Nottingham  colliery,  which  draws  its  coal  from  the 
Red  Ash  bed,  is  noted  for  the  fact  that  there  have  been 
more  cars  hoisted  per  day  from  its  shaft  than  from  any  one 
other  opening  in  the  anthracite  region. 

The  thickness  of  the  other  coal-beds,  which  have  been 
mined  on  this  sheet,  vary  to  such  an  extent  that  it  is  practi- 
cally impossible  to  assign  an  average  thickness  to  any  one 
of  them  over  special  areas.  Various  views  have  obtained 
at  different  times  as  to  the  identification  of  the  coal-beds 
opened  in  the  Plymouth  collieries.  The  erroneous  views 
which  have  been  held  on  this  point  have  occasioned  financial 
loss  to  some  of  the  Plymouth  coal  operators  tind  gain  to 
others.  The  general  relationship  of  the  coal-beds  in  the 
vicinitv  of  Plymouth  is  shown  on  Columnar  Section  Sheet 
No.  IV. 

The  elevations  of  a  number  of  prominent  points  in  the 
Plymouth  collieries  are  given  below  : 

Elenation  of  Prominent  Points  on  Mine  Sheet  No.  V, 

Feet 
above  tide* 
D.,  L.  <fe  W.  R.  R.,  (Bloomsbarg  division.) 

Plymouth  Jaaotion 642.6 

Plymouth  Station, 635.0 

Avondale  Station, 630.3 
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Feet 
above  tide. 

AVONDALE  UOLIilBRY,  (D.,  L.  <fc  W.  R.  R.) 

Head  of  shaft, 583.6 

Foot  of  shaft, 819.6 

Mouth  of  outside  tuD Del, 544.2 

Head  of  inside  slope, 832. 0 

First  East  lift  of  inside  slope, 284.8 

First  West  lift  of  inside  slope, 250. 0 

8eoond  East  lift  of  inside  slope,   . 227.0 

Third  East  lift  of  in  ide  slope, 164.8 

Second  West  lift  of  inside  slope, 163. 4 

Fourth 'Bast  lift  of  inside  slope, 91.3 

Third  West  lift  (bottom)  inside  slope, 55.9 

Head  of  plane,  No.  1, 391.1 

First  lift  of  plane,  No.  1 354.6 

Foot  of  plane.  No.  1, 325.9 

Head  of  plnne,  No.  2, 488. 1 

First  lift  of  plane.  No.  2, .' 480.8 

Foot  of  p'ane.  No.  2, 897. 1 

Foot  of  seoond  opening  shaft, 254.7 

Mouth  of  Jersey  tunnel,     818.0 

Head  of  Jersey  slope,      848. 0 

First  lift  of  Jersey  slope, 725. 4 

Nottingham  Colliery. 

Top  of  shaft, 540.9 

Foot  of  shaft, , 175.9 

Head  of  inside  slope, 183. 0 

Firvt  lift.  West  inside  slope, 146.9 

Seoond  lift.  East  inside  slope, 80.0± 

Seoond  lift,  West  inside  slope, 111.4 

Third  lift;,  West  inside  slope, 79.8 

Third  lift.  East  inside  slope, 38.6 

Fourth  lift.  West  iuside  slope, 49. 1 

Fourth  lift.  East  inside  slope, 5. 83 

Fifth  lift.  West  inside  slope 5.88 

Head  of  plane.  No.  1, 285.0 

Foot  of  plane,  No.  1, 180. 0 

Head  of  plane,  No.  2 360.0 

Footof  plane,  No.  2,     287.0 

Head  of  plane,  No.  3, 824.0 

Foot  of  plane.  No.  3,     267. 0 

Head  of  plane,  No.  4, 258.0 

Footof  plane.  No.  4, 225.0 

Head  of  plane,  No.  5,       260.2 

Footof  plane.  No.  5,      226.7 

Mouth  of  inside  tunnel  to  Ross, 182. 5 

Head  of  Wright's  slope,     638.1 

Footof  Wright's  slope,    .   .  ' 264.0 

Reynolds  Colliery,  (D.  L.  <fe  W.  R.  R.) 

Head  of  slope, 705.0 

First  lift  of  slope, 640.0 
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Feet 
above  tide. 

Second  lift  of  slope, 696.0 

Third  lift  of  slope, 547.5 

Foot  of  slope,       477 .0 

Mouth  of  insifie  tunnel,  701. 0 

Mouth  of  inside  tunnel  to  Ross, 481.0 

Plymouth  Depot  bore-hole,         627. 6db 

DoDsoN  Colliery,  (D.,  L.  <fc  W.  R.  R.) 

Top  of  shaft,  561.0 

Hillman  landing  in  shaft, 385.8 

Foot  of  shaft,  162.8 

Head  of  Rook  plane, 87P.  0 

Foot  of  Rook  plane 888.0 

Head  of  p*ane.  No.  1,  (Hillman,) 456.6 

Foot  of  plane,  No.  1,  (Hillman,) 879.8 

Head  of  plane,  No.  2,  (Lance,) 890.0 

Footof  plane.  No.  2,  (Lanoe,) 840.0 

Head  of  Baltimore  plane, 218. 6 

Foot  of  Baltimore  plane,  158.6 

Head  of  Ba  ti  more  inside  slope, 167.6 

Gatlord  Colliery. 

Top  of  shaft,      699.0 

Bennett  Landing, 856.0 

Ross  Landing, 187. 0 

Red  Ash  Landing, 86.0 

Head  of  Rook  slope, 589. 6 

Foot  of  Rook  slope, 448.5 

Head  of  plane.  No.  1,  slope  workings, 507.0 

Foot  of  plane,  No.  1,  slope  workings, 449. 0 

Head  of  plane.  No.  2,  slope  workings, 602  0 

Foot  of  plane,  No.  2.  slope  workings, 521.0 

Head  of  plane.  No.  8,  slope  workings, 687.0 

Foot  of  plane.  No.  8,  slope  workings, 602.0 

Head  of  plane.  No.  4,  slope  workings, 603.7 

Foot  of  plane.  No.  4,  slope  workings, 460.5 

Mouth  of  inside  tunnel  to  Ross  and  Red  Ash, 450.8 

Lance  Colliery,  (D.,  L.  A  W.  R  R.) 

Top  of  shaft, 569.9 

Hillman  landing, 830.0 

Foot  of  shaft, 62.8 

Top  of  inside  slope, 836.0 

First  lift  of  inside  slope, 277.0 

Foot  of  inside  slope, 267.0 

Head  of  rook  plane,       86aO 

Foot  of  rock  plane, 837.0 

Head  of  Baltimore  inside  slope 62.92 

Headof  plane.  No.  1,  (Baltimore,)     120.0 

Foot  of  plane,  No.  1,  (Baltimore,) 65.0 

Head  of  plane.  No.  1,  (Hillman,) 411.0 

Foot  of  plane.  No.  1,  (Hillman,) 346.0 

Head  of  plane,  No.  2,  (Hillman,) 481.0 
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Feet 
above  tide* 

Head  of  plane,  No.  8,  (Hillman,) 666.0 

Foot  of  plane,  No.  8,  (HUlman,) 492.0 

Boston  Collixbt,  (D.,  L.  <fc  W.  R.  R.) 

T6p  of  shaft, 664.03 

Foot  of  Shan, .  .  .   492.2 

D.  A  H.  Shaft,  No.  1,  Colliery,  (D  ,  L.  <fc  W.  R.  R.) 

Top  of  shaft, 662.6 

Lanoe  landing, 410.6 

Foot  of  shaft, 289.6 

D.  A  H.,  No.  2,  Shaft  Collibrt,  (D.,  L.  <fe  W.  R.  R.) 

Top  of  shaft, 603.0 

Foot  of  shaft, 201.8 

D.  AH.,  No.  8,  Shaft  Colliery,  (D.,  L.  <fe  W.  R.  R.) 

Top  of  shaft, 680.7 

Foot  of  shaft, 826.8 

I>.  A  H.,  No.  4,  Shaft  Collibrt,  (D.,  Ij.  A  W.  R.  R.) 
Top  of  shaft, 702.0 

D.  A  H.,  No.  6,  Shaft  Collibby,  (D.,  L.  A  W.  R.  R.) 

Top  of  shaft 610.6 

Foot  of  shaft, 874.6 

Head  of  inside  slope, 418.7 

Ashley  Mine  and  Oeological  Sheets  No,  VL 

The  area  embraced  by  this  sheet  lies  in  the  immediate 
vicinity  of  the  town  of  Ashley,  and  to  the  south  and  west 
of  the  city  of  Wilkes  Barre.  The  coal-beds  mined  on  this 
sheet  are  as  follows  : 


Name  of  bed. 

Average 
thickneeSb 

Mlned  by. 

Kidnev, 

6     6" 
12     0" 
16     0" 

12' 

8'-f 
12'-f 

L.  A  W  B.  C.  Co, 

Hillman. 

L.  A  W  B.  C.  Co. 

Baltimore, 

Li.  A  W  B.  C.  Co. 

Ross, 

Franklin  Coal  Co. 
ti.  A  W  B.  C.  Co. 

Red  Ash,  (top  member,) 

Red  Ash,  (bottom  member.)  .  .  . 

Franklin  Coal  Co. 
L  A  W  B.  C.  Co. 
Franklin  Coal  Co. 

The  thicknesses  of  the  coal-beds  on  this  sheet  vary  con- 
siderably between  the  eastern  and  western  portions.  In  the 
eastern  half,  in  the  vicinity  of  Ashley,  the  identity  of  the 
beds  with  those  mined  in  the  vicinity  of  Wilkes  Barre  is 
clearly  proven. 

The  Red  Ash  bed,  in  the  Ashley  and  Sngar  Notch  mine 
workings,  consists  of  but  one  well  recognized  bench    of 


Franklin,  < 
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coal,  while  elsewhere  in  the  valley  it  generally  consists  of 
two  well  defined  benches  separated  by  slate  or  sandstone. 
The  Ross  bed  has  been  most  extensively  mined  in  the 
vicinity  of  Sugar  Notch.  In  the  workings  in  this  bed  from 
Shaft  No.  9  of  the  Lehigh  and  Wilkes  Barre  Coal  Com- 
pany, the  bed  has  an  average  thickness  of  between  12  and 
13  feet,  between  7  and  8  feet  of  which  is  worked  from  the 
lower  part  of  the  bed.  The  other  part  of  the  bed  which  is 
left  behind,  consisting  of  coal,  bone,  and  slate,  is  frequently 
called  the  bony  bench.  The  following  thicknesses  have 
been  measured  of  the  Red  Ash  bed  at  several  collieries  on 
this  sheet : 

^  Top  split, 6'  9" 

Empire  shaft,  No.  2,    •  •  •  <  Soft  sandstODe, 84'  8" 

C  Bottom  split, 12'  4'' 

/Top  split, 6'  11" 

f  Upper  Tunnel,  .  )  Slate 4'  6" 

t  Bottom  spli , 11'  2" 

c  Top  split,      .........    8*  10" 

Bott  m  Tunnel,    J  ^\re  olay 6'  0" 

'  Bottom  split, 16'  1" 

/Top split,         12'  4'- 

Mountain  Tunnel  <  Fire  clay,  sUte,  and  bone,     .  3'  2" 

(  Bottom  split,      9'  0" 

Ashley,  (Inside  tunnel,) 18'  7" 

a  ^   xr^f^u  S  Shall  level  tunnel, 11'  9" 

Sugar  Notch, \^^^^  _^^  ^^^^^^ ^,    ^,^ 

Hanover  colliery, • 11-    4J'* 

The  other  coal-beds  which  are  mined  have  a  more  constant 
thickness  than  the  Red  Ash  bed.  But  one  bench  of  the 
Baltimore  bed  has  been  worked  within  the  area  of  this 
sheet.  The  elevation  of  prominent  points  in  the  collieries 
on  this  sheet  are  given  below : 

Elevation  of  Prominent  Points  on  Mine  Sheet  No.  VL 

Feet 
above  tide, 

L.  V.  R.  R. 

Sugar  Notch  Station,     666.0 

South  Wilkes  Barre  Station,     548.4 

L.  <fc  S.  R.  R. 

Ashley  Station, 684.16 

Sugar  Notch  Station,      659.66 

Empire,  No.  2,  Collibrt,  (L.  A  S.  R.  R.) 

Head  of  Empire,  No.  2,  slope, 726.17 

Head  of  Empire,  No.  2,  shaa,       728.9 
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Feet 
above  tide. 

Foot  of  Empire  No.  2,  shaft,      864.9 

Foot  of  Empire  No.  1,  (inside)  slope,  (Red  Ash  bed,)     .  .  — 5.0^: 

South  Wilkes  Babre  Colliery,  (L.  tfc  S.  K  R.) 

Head  of  shaft 669.46 

Foot  of  shafts —114.04 

Stanton  (No.  7)  Colliery,  (L.  AS.  R.  R.) 

Head  of  shaft, 618.0 

Foot  of  shaft,       —230.4 

Head  of  air  shaft, 626.24 

Foot  of  air  shaft, —6.0 

Tbpof  bore-hole, 6U.0 

Foot  of  bore-hole, —72.0 

Head  of  slope, 668.0 

First  lift  of  slope, 847. 0 

Second  lift  of  slope, 198.0 

Third  lift  of  slope, —160.0 

Foot  of  slope, 203.0 

Tunnel  through  antiolinal, —219. 8 

Franklin  Colliery,  (L.  V.  R.  R.) 

Head  of  Long  slope, 688.0 

First  lift  of  Long  slope,      416.0 

Seoond  lift  of  Long  slope, 842.0 

Third  lift  of  Long  slope, 221.0 

Fourth  lift  of  Long  slope, 60. 0 

Foot  of  Long  slope,  —108. 0 

Mouthof  Tunnel  to  Brown's  slope  :evel, 692.6 

Head  of  Brown's  slope, 693.0 

Firatllft, 647.0 

Seoond  lift, 469.0 

Third  lift 889.0 

Mouth  of  lower  tunnel  to  Red  Ash, 892.6 

Ashley  (Nos.  6  and  8)  Collieries,  (L.  <fc  S.  R.  R.) 

First  lift  of  Germania  slope, .  632.0 

Seoond  lift  of  Germania  slope,     688.0 

Third  lift  of  Germania  slope, 464. 0 

HeadofOldNo.Oslope,      719.0 

Foot  of  Old  No.  6  slope,       446.0 

Head  ofNo.  8  inside  blope, 448.7 

Foot  of  No.  8  inside  slope, 267. 6 

Head  of  No  6,  new  slope,       717.8 

First  lift  of  No.  6,  new  slope, 660. 8 

Seoond  lift  of  No.  6,  new  slope, 466.4 

Third  lift  of  No.  6,  new  slope 878.8 

Maflfet  drift  east  of  Ashley  plane,       711.7 

Sugar  Notch  (No.  9;  Colliery,  (L.  &  S.  R.  R.) 

Top  of  shaft,      692.8 

Foot  of  shaft, 890.8 

Head  of  inside  slope,  Ross  bed,      ...          884. 0 

First  lift  of  inside  slope,  R')as  bed,  east, .  828.7 

First  lift  of  inside  slope,  Ross  bed,  west,     324. 0 
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Feet 
above  tide* 

Foot  of  inside  slope,  RoBB  bed,     115.0 

Head  of  plane,         580.0 

Foot  of  plane, 884.0 

Heaiclof  plane, 491.0 

Foot  of  plane, 884.0 

Mouth  of  Water-level  tunnel, .....••  686. 1 

Mouth  of  Red  Ash  drift,  on  Sugar  Creek, 917. 5 

Head  of  Old  Jersey  s  ope, 701.0 

Mouth  of  Jersey  tunnel, 696.5 

SaoAR  Notch  (No.  10)  CoLiiiBRT,  (L.  <fe  S.  R.  R.) 

Hebd  of  Old  slope 698.2 

First  lift  of  Old  slope, 472.0 

Foot  of  Old  slope. 208.8 

Head  of  New  slope, 702.0 

First  lift  of  New  slope, 500.0 

Seoond  lift  of  New  slope, 412. 0 

Foot  of  New  slope,        339.0 

North  end  of  long  tunnel  between  Nos.  9  and  10,  .....  412.7 

Kingston  Mine  and  Oeological  Sheets  No.  VII. 

All  the  mine  workings  on  this  sheet  north  and  west  of  the 
Susquehanna  river  lie  between  the  Kingston  mountain,  on 
the  north-west  side  of  the  valley,  and  the  Delaware,  Lack- 
awanna and  Western  Railroad.  The  following  beds  have 
been  mined  within  the  area  embraced  by  this  sheet : 


Name  of  bed.* 

Average. 

Mined  by. 

Orchard, 

Lianoe, 

4'    6" 

6'    6" 

lO'    0" 

5'    0'' 

!'+ 

ir 

T    6" 

No  record  of  raining. 
Kingston  Goal  Co. 
Kingston  Coal  Co. 
L.  v.  C.  Co. 
A.  Langdon  <fe  Co. 
L.  V.  CT  Ca 

milmnn, 

Five-Foot, 

Four-Foot, 

J.  11.  Swoyer. 

J.  H.  Swoyer. 

L.  V.  C.  Co. 

D.,  L.  A  W.  R.  R.  Co. 

J.  H.  Swoyer. 

L.  V.  C.  Co. 

D.,  L.  &  W.  R.  R.  Co. 

L.  V.  C.  Co. 

Six-Foot, 

Eleven-Foot, 

Cooper, 

Haddock  «&  Steel. 
W.  G.  Payne  A  Co. 
Kingston  Coal  Co. 
A.  Langdon  A  Co. 
D.  A  H.  C.  Co. 

*  Local  names  have  been  used  in  this  list  which  do  not  appear  on  the  mine 
sheet.  The  names— Six-Foot  and  Eleven-Foot— are  those  most  generally  m 
local  use. 
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Name  of  bed. 


Average. 


Mined  by 


Benuett, 


R08B, 


Red  Ash, 


12' 


10'± 


»      tMI 


9'    0 


L.  V.  C.  Co. 
Haddock  <fc  Steel. 
W.  G.  Payne  A  Co. 
Kingston  Coal  Co. 
Waddeli  A  Walter. 
A.  Langdon  &  Co. 
J.  H.  Swoyer. 
L.  V.  C.  Co. 
J.  H.  Swover. 
Waddeli  &  Walter. 
J.  U.  Swoyer. 
L.  V.  C.  Co. 
Waddeli  A  Walter. 
Kingston  Coal  Co. 


The  coal-bed  known  as  the  Cooper,  west  of  *^  Harry  E" 
colliery,  is  called  the  Four-Foot  bed  east  of  the  same  col- 
liery ;  where  it  is  called  the  Cooper  bed  its  average  thick- 
ness is  generally  considered  to  be  about  eight  feet.  It  is  as- 
serted that  the  Cooper  bed  in  the  mine  workings  from 
Black  Diamond  colliery  thins  rapidly  as  the  line  separating 
the  property  attached  to  this  colliery  from  the  property 
attached  to  the  "  Harry  E"  colliery  is  approached. 

The  coal-bed  which  forms  the  bottom  bench  of  the  Balti- 
more bed  west  of  "  Harrj''  E  "  colliery  has  been  extensively 
worked,  has  an  average  thickness  of  about  12  feet,  and  is 
known  as  the  Bennett  bed.  East  of  this  colliery  this  same 
bed  has  been  locally  called  the  Six-Foot  coal-bed,  and  its 
average  thickness  has  generally  been  considered  to  be  6 
feet.  There  has  always  been  some  doubt  among  the  engi- 
neers and  coal  operators  as  to  the  identity  of  the  Bennett 
and  Cooper  beds  west  of  ''  Harry  E,"  with  the  Four-Foot 
and  Six-Foot  beds  east  of  the  same  colliery.* 

The  only  coal-beds  which  are  generally  found  workable 
under  the  Bennett  are  the  Ross  and  Red  Ash  beds.  A  bed 
has,  however,  been  found  at  the  "Harry  E,"  Forty  Forr,  and 
Maltby  collieries,  which  is  locally  known  as  the  Eleven-Foot 
bed.  As  far  as  developments  have  been  made  in  this  bed 
it  has  been  found  to  contain  a  good  deal  of  bony  coal  and 
slate,  and  it  is  probable  that  it  would  never  generally  prove 


*  Based  upon  oorapariaon  suggested  on  Columnar  Seotion  Sheet  No.  III. 
25 
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a  bed  which  can  be  profitably  worked.  Many  have  sup- 
posed this  bed  to  be  identical  with  the  Bennett,  but  the 
developments  which  have  I'ecently  been  made  at  the  Baby 
tunnel  of  the  "Harry  E"  colliery,  seem  to  prove  beyond 
doubt  that  the  Eleven-Foot  bed  underlies  what  is  generally 
called  the  Bennett  bed. 

The  Ross  coal-bed,  although  it  has  been  opened  at  six  of 
the  fourteen  collieries  contained  on  sheet  No.  VII,  has 
never  been  extensively  mined  at  any  of  them.  The  most 
extensive  operations  on  this  bed  have  been  at  the  ''  Harry 
E"  colliery  ;  the  bed  averages  about  14  feet  thick;  a  con- 
siderable portion  of  this  thickness,  however,  is  made  up  of 
bonv  coal  and  slate.  The  following  section  was  measured 
of  the  bed  in  the  tunnel  at  "  Harry  E"  colliery  : 

Top  rook. 

Coal 4'  1" 

Slate, 8'  0" 

Coal • 1'  8" 

Slate, V  7" 

Coal, 4'  8" 

Where  the  bed  is  broken  up,  as  shown  by  this  section,  it 
is  difficult  to  mine  economically  ;  in  some  places  the  inter- 
val between  the  top  and  bottom  benches  of  coal  thickens, 
and  the  two  benches  can  be  mined  independently  of  one  an- 
other. In  the  Mill  Hollow  drifts  the  Ross  bed  has  been 
worked  as  one  bed,  the  individual  benches  of  coal  not  being 
so  widely  separated  as  at  the  "  Harry  E"  colliery.  The  bed 
will  probably  average  8  feet  thick.  Recently  the  Mill  Hol- 
low, East  Boston,  and  Kingston  colliery  shafts  have  been 
sunk  to  the  Ross  and  Red  Ash  coal-beds. 

The  Red  Ash  coal-bed  has  been  worked  within  the  area 
on  sheet  No.  VII,  at  the  Kingston  and  Mill  Hollow  col- 
lieries. This  bed  is  the  lowest  workable  coal-bed  in  the 
Wyoming  Valley.  Its  average  thickness  is  probably  9 
feet.  Mining  developments  have  not  go ne^ sufficiently  far 
to  prove  the  practical  value  of  this  coal-bed. 

In  addition  to  the  beds  already  referred  to  there  are  at 
least  six  other  smaller  beds  in  the  vicinity  of  Kingston. 
The  thickness  of  the  largest  bed  so  far  proved  is  4  feet. 
These  beds  are  known  by  no  special  names,  and  they  have 
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not  been  considered  sufficiently  thick  to  be  profitably 
worked.  On  the  south-east  comer  of  Mine  Sheet,  No. 
VII,  and  south  of  the  Susquehanna  river,  names  have  been 
assigned  to  some  of  the  coal-beds  differing  from  those 
within  the  area  just  referred  to.  The  coal-beds  from  the 
Red  Ash  to  the  Cooper  are,  however,  known  by  the  same 
names  in  both  localities.  The  differences  in  naming  the 
beds  over  the  Cooper  has  resulted  in  a  failure  to  satisfacto- 
rily prove  the  identity  of  all  the  beds  both  north  and  south 
of  the  river. 

On  the  south  side  of  the  river  the  bed  immediately  above 
the  Upper  Baltimore  (Cooper)  is  known  as  the  Five-Foot  bed. 
It  is  generally  found  in  two  distinct  benches,  an  upper  bench 
from  6  to  6  feet  thick,  and  a  lower  bench  from  1  to  2  feet 
thick,  with  5  feet  of  fire-clay  or  slate  between.  This  bed  has 
been  worked  at  the  Wyoming  and  Enterprise  collieries.  Im- 
mediately above  the  Five-Foot  bed,  on  the  south  side  of  the 
river,  a  coal-bed  is  found  with  an  average  thickness  of  10 
feet,  which  is  generally  known  as  the  Hillman  bed,  and  is 
generally  spoken  of  as  being  the  first  workable  bed  .above 
the  Baltimore  bed.  On  the  north  side  the  river, on  Mine  Sheet, 
No.  VII,  the  Hillman  bed  is  not  known  as  such.  At  the 
Wyoming  and  Enterprise  collieries  a  coal-bed  is  found  be- 
tween the  Baltimore  and  the  Ross  beds,  which  is  locally 
known  as  the  Four-Foot  and  Six-Foot  bed,  according  to  its 
thickness  in  special  localities. 

The  great  amount  of  alluvial  drift  in  the  center  of  the 
Wyoming  valley,  between  Kingston  and  Wilkes  Barre, 
forming  what  is  generally  known  as  the  Kingston  Flats,* 
will  always  have  an  important  bearing  upon  the  mining  of 
coal  under  this  area.  This  is  referred  to  at  considerable 
length  in  Mr.  HilFs  detail  report  on  the  Buried  valley  be- 
-tween  Pittston  and  Nanticoke. 

The  following  elevations  of  prominent  points  in  the  mines 
on  Sheet  No.  VII  have  been  compiled  from  various  sources : 

'Valuable  ooal-beds  exist  uDderneath  these  Hats,  whioh,  in  time,  will  un- 
doubtedly be  extensively  worked  to  the  north  and  south  of  the  river.  Several 
gangways  have  already  been  driven  aoroes  the  river  under  these  flats  from 
the  mine  workini^s  of  the  Prospect  shaft. 
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Elevation  of  Prominent  Points  on  Mine  Sheet  No.  VII. 

Feet 
above  tide, 
D.,  L.  &  W.  R.  R. 

Kingston  Station, 662.8 

Bennett  Station, 653.1 

Maltby  Station, 568.2 

L.  V.  R.  R. 

Plalnaville  Station,  (mainline,) 546.5 

B.  lif.  Maltby  breaker  wall,  (Ck)xton  branoh,) 567.122 

Pbosfect  Colliebt. 
Head  of  No.  2  slope,  (inside,) 98.0 

Wyoming  Golliebt. 

Top  of  shaft, 555.2 

Foot  of  shaft, 805.0 

Head  of  Nanokevles  slope,  (inside,) 808.5 

Foot  of  Nauokevles  slope,  (inside,) 188.5 

Head  of  New  slope,  (inside,) 808.5 

Foot  of  New  slope,  (inside,) 94.0    ' 

Head  of  2d  New  slope,  (inside,)     .  .      98.7 

First  lift  of  2d  New  slope,  (inside,) 62.0 

Head  of  Merritt's  slope,  (inside,) 805.6 

Gangway  in  Upper  Baltimore  bed,  same  slope, 204. 0 

Gangway  in  Lower  Baltimore  bed,  same  slope, 152. 5 

Gangway  in  Four  Foot  bed,  same  slope, 67. 9 

Head  of  Five  Foot  bed  slope, 555.0± 

HBNBT  COTiLIBBY,  (L.  V.  R.  R.) 

Top  of  shaft, 692.4 

Foot  of  shaft, 206.7 

Top  of  air  shaft, 595.0 

Foot  of  air  shaft, ^ 287. 4 

Head  of  main  slope, 209. 7 

First  lift  of  main  slope, 147. 5 

Seoond  lift  of  main  slope, 121.7 

Third  lift  of  main  slope, 114. 2 

Fourth  lift  of  main  slope, 166. 2 

Fifth  lift  of  main  slope, 149.6 

Sixth  lift  of  main  slope, 89. 1 

Seventh  lift  of  main  slope, 88. 0 

Eighth  lift  of  main  slope, 28. 5 

Ninth  lift  of  main  slope, —10.4 

Tenth  lift  of  main  slope, —  5.7 

Head  of  plane,  No.  1, 248. 7 

Foot  of  plane,  No.  1, 211. 6 

Head  of  plane,  No.  2, 260.0 

Foot  of  plane,  No.  2, 216,6 

Head  of  plane.  No  8, 848. 5 

Foot  of  plane.  No.  8, 288,2 

Head  of  plane,  No.  6, 447.7 

Foot  of  plane,  No.  6, 894.0 
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Feet 
above  tide. 
BuBBOuaHS  Collie BT,  (abandoned.) 

Topof  shaft, 66.H.0± 

Foot  of  shaft, 477.6± 

Top  of  inside  slope, 477. 6± 

Foot  of  Inside  slope, 896.0± 

Entebpbibb  Collibbt,  (li.  v.  R.  R.) 

Topof  shaft, 616.75 

Foot  of  shaft, 244.7 

Head  of  Hillman  slope, 617.0± 

Head  of  Upper  plane 689.5 

Footof  Upper  plane, 457.0 

Head  of  Lower  plane,  Upper  Baltimore  bed, 429.8 

Foot  of  Lower  plane,  Lower  Baltimore  bed, 250. 0 

Kingston  Collibbieb,  (D.  L.  A  W.  R.  R.) 

Topof  No.  I  shaft, 571. 0± 

Footof  No.  1  shaft, 200. 0± 

Topof  Na  2 shaft, 748. 4± 

Top  of  No.  8  shaft, 711.8± 

Foot  of  No.  8  shaft, 166.8± 

Top  of  No.  4  shaft, 668.ft± 

East  Boston  Colliebt,  (D.  L.  &  W.  R.  R.) 

Head  of  shaft, 669.5 

Foot  of  shaft,  Bennett  Landing, 828.2 

Head  of  Bennett  slope, 824. 6 

First  lift  of  Bennett  slope, 262.9 

Seoond  lift  of  Bennett  slope, 225.6' 

Third  lift  of  Bennett  slope, 190.6 

Fourth  lift  of  Bennett  slope, 150.6 

Fifth  iift  of  Bennett  slope,  . 116. 4 

Head  of  Cooper  slope, 880. 6 

First  lift, 820.8 

Second  lift, 298. 8 

Third  lift, 284.8 

Head  of  Rook  plane, 876. 4 

Black  Diamond  Collibbt,  (D.  L.  AW.  R.  R.) 

Top  of  shaft,      688.6 

Foot  of  shaft, 857.6 

Head  of  Bennett  slope,  (inside,) 866.6 

First  lift  of  Bennett  slope,  (inside,)       826.0 

Seoond  lift,  Eisst  Bennett  slope,  (inside,) 808.9 

Fourth  lift,  East  Bennett  siope,  (inside,) 270.4 

Fourth  lift,  West  Bennett  slope,  (inside,) 257.7 

Fifth  lift,  East  Bennett  slope,  (inside,) 217.9 

Fifth  lift.  West  Bennett  slope,  (inside,) 211.1 

Foot  of  Bennett  slope,  (inside,) 178.8 

Mill  Hollow  CollibbTi  (D.  L.  A  W.  R.  R.) 

Top  of  shaft,      648.84 

Bennett  Landing  in  shaft, 488.5 

Foot  of  shaft,  top  slate  of  Ross, 282. 0 
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Feet 
above  tide* 

Month  of  Lower  Ross  drift, 63L8 

Mouth  of  Upper  RosB  drift,       800.8 

Mouth  of  Lower  Red  Ash  drift, 632.4 

Mouth  of  Middle  Red  ABh  drift, 732.6 

Mouth  of  Upper  Red  Ash  drift, 80L2 

«Harrt  K"  Coi^librt,  (D.  L.  A  W.  R.  R.) 

Top  of  shaft,      674.5 

Foot  of  shaft,  .       434.0 

Head  of  inside  slope, 439. 5 

Basin  of  inside  s  ope, 357.0^: 

Anticlinal  axis,  inside  slope, 376.0 

Head  of  inside  plane, 532.3 

Foot  of  inside  pane,     466.0 

Mouth  of  tunnel,  679.6 

Head  of  Roes  slope,  (inside,)        684.3 

First  lift  of  RoFs  slope,  (inside,) 581.3 

Second  lift  of  Roes  slope,  (inside,) 520.3 

Third  lift  of  Ro9B  slope,  (inside,) 464.3 

Mouth  of  Baby  tunnel,  678.2 

Head  of  Baby  tunnel  slope, 679. 3 

First  lift  of  Baby  tunnel  slope, 634.3 

Second  lift  of  Baby  tunnel  slope,    .   .       OT9. 1 

Forty  Fort  Collibrt,  (D.  L.  A  W.  R.  R.) 

Top  of  shaft,  622.7 

Landing  in  shaft,  Siz-Foot  bed,  526.2 

Landing  in  shaft,  Eleven-Foot  bed, 422.6 

Head  of  inside  slope,  Eleven-Foot  bed, 427. 5 

Mouth  of  drift,  Four-Foot  bed, 621.5 

Mouth  of  ML  Thomas  drift,       883.5 

Mouthof  drift,  Two-Foot  bed,     1282.0^: 

Head  of  slope,  Six-Foot  bed,        648. 5 

Foot  of  slope,  Six-Foot  bed,      605.3 

Maltbt  CoLiiiBRT,  (L.  V.  R.  R.,  Coxton  branch.) 

Headof  soaft,  6^o.  1, 612. 0± 

Head  of  shafts  Na  2, 632.9 

Foot  of  shaft.  No.  2, 355.2 

Fuller  Colliert,  (D.  L.  A  W.  R.  R.) 

Top  of  shaft,     585.0± 

Foot  of  shaft, 400.0± 


Wilkes  liarre  Mine  and  Oeological  Sheets  No,  VIII, 

More  active  mining  operations  have  been  carried  on 
within  the  area  embraced  by  this  sheet  than  anywhere  else 
in  the  Northern  Coal-field.  The  coal-beds  which  have  been 
mined  on  this  sheet  are  as  follows  : 
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Name  of  bed. 

Average 
thioknefis. 

Mined  by. 

New,                   

Snake  Island, 

Abbott,        

6'    0' 
6'    0" 

7'    0" 
12'    0" 

18'    0" 

9'    6" 
6'    6" 

14'    0" 

7'    0" 
12'    0" 

H.  B.  Hillman. 
H.  B.  Hillman. 
M.  B.  Hillman. 

Bowkley, 

Hillman, 

L.  V.  C.  Co. 
H.  B.  Hillman. 
L.  V.  C.  Co. 
K  A  W  B.  C.  Co. 
H.  B,  Hillman. 

• 

'Baltimore 

R.  H.  Poole. 

D.  A  H.  C.  Co. 

Hillman  Vein  Coal  Co. 

L..  V.  C.  Co. 

L.  A  W  B.  C.  Co. 

L.  V.  C.  Co. 

Where  divided, 

Upper  Baltimore, 

Lower  Baltimore, 

Ross, 

♦Red  Ash,           

L.  A  W  B.  C.  Co. 

D.  A  H.  C.  Co. 
A.  Langdon  A  Co. 
L.  V.  C.  Co.  (?) 
Red  Ash  Coal  Co. 
L.  A  W  B.  C.  Co. 

Where  divided,         

Top  member 

Bottom  member, 

Red  Ash  Coal  Co. 
D.  A  H.  C.  Co. 

• 

The  New  bed  has  been  driven  into  at  the  Hillman  colliery. 
Its  thickness  is  not  known.  The  Snake  Island  bed  has  also 
only  been  worked  at  this  colliery,  and  its  average  thickness 
has  been  considered  to  be  6  feet.  It  is  difficult  to  assign  an 
average  thickness  to  any  of  the  other  beds  named  above, 
since  the  mine  workings  in  them  have  been  so  extensive, 
and  spread  over  such  a  considerable  area,  that  the  thickness 
of  any  one  bed,  or  thickness  of  coal  contained  in  any  bed, 
varies  considerably  between  extreme  points. 

Between  the  Baltimore  and  Hillman  beds  there  are  gen- 
erally found  two  thin  coal  seams  which  have  nowhere  proved 
workable.  At  the  Hillman  Vein  shaft  these  leaders  were 
mined  into  and  the  lower  one  was  for  some  time  considered 
to  be  the  representative  of  the  Hillman  bed,  and  the  coal 
represented  by  the  Hillman  was  called  the  Seven-Foot  bed. 
The  average  thickness  of  this  leader  was  4  feet. 

The  Baltimore  bed  attains  its  maximum  development, 
both  as  to  the  thickness  of  its  individual  benches  and  the 


*The  Baltimore  bed  and  the  Red  Ash  bed,  on  Mine  Sheet  No.  VII I,  are  di- 
vided in  plaoes,80  that  the  top  and  bottom  members  in  each  ease  are  distinctly 
separate. 
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purity  of  the  coal  which  they  contain,  in  the  vicinity  of 
Wilkes  Barre,  and,  up  to  the  present  time,  it  has  been  most 
extensive! V  mined  within  the  area  embraced  by  Mine  Sheet 
No.  VIII.  * 

The  Baltimore  mines,  where  the  bed  was  originally  opened, 
and  from  which  it  received  its  name,  lie  directly  to  the  east 
of  Wilkes  Barre.  The  outcrop  of  this  bed  has  been  actually 
proven  from  the  west  head  branch  of  Mill  creek,  about  a 
mile  south  of  Miner's  Mills  borongh,  south-westward  to 
Solomon's  Gap;  and,  it  will  not  be  many  years  before  the 
bed  will  be  mined  in,  from  one  side  of  the  Wyoming  valley 
to  the  other,  so  that  an  explorer  can  go  into  the  mines  at 
Solomon's  Gap  and  come  out  at  Kingston,  the  distance  be- 
tween the  two  points  in  a  straight  line  being  five  miles. 

The  average  thickness  of  the  Baltimore  bed,  where  it  is 
not  divided  into  two  benches,  may  be  considered  to  be 
about  18  feet. 

From  the  western  edge  of  Mine  Sheet  No.  VIII,  north- 
east of  Baltimore  slope.  No.  3,  a  distance  of  over  two 
miles,  the  bed  is  worked  as  one  bench.  On  the  fifth  lift 
gangway  of  this  slope  it  begins  to  divide  into  two  benches. 
At  the  foot  of  the  new  slope  the  slate  separating  the  two 
benches  of  coal  is  1  foot  thick.  About  200  feet  west  of  this 
slope  the  slate  begins  to  increase  in  thickness,  until,  at  a 
point  50  feet  west  of  the  ''  Flick"  line,  the  slate  is  10  feet 
in  thickness,  and  the  two  benches  of  the  Baltimore  bed  are 
worked  separately  as  two  distinct  beds  of  coal,  and  this  is 
the  case  in  all  the  collieries  to  the  east  of  Baltimore  slope 
on  Mine  Sheet  No.  VIII.  The  Upper  Baltimore  bed  will 
probably  average  9'  6"  in  thickness,  while  the  Lower  Balti- 
more, or  Bennett  bed  will  probably  average  6'  6"  inches. 
In  the  vicinity  of  Pine  Ridge  and  Laurel  Run  collieries,  a 
small  bed  is  found,  immediately  under  the  Lower  Baltimore 
bed,  and  is  considered  to  be  a  split  from  the  latter  ;  it  is 
locallv  known  as  the  Checker  bed. 

The  Four-Foot  coal-bed,  which  is  found  in  the  measures 
under  the  Baltimore,  has  been  worked  at  the  Wyoming 
colliery  and  a  hauling-way  has  been  opened  in  it  at  the 
Oakwood  colliery.     This  bed,  as  far  as  known,  attains  its 


AsTiburner .']  anthracite  region,  chap.  vii.  393 

inaximum  thickness  at  the  Oakwood  shaft,  where  it  meas- 
ured 5'  5". 

The  Ross  foal-bed  has  been  mined  to  a  limited  extent  at 
scattered  points  \yithin  the  area  of  Mine  Sheet  No.  VIII.  At 
the  Red  Ash  collieries  its  average  thickness  is  9  feet.  For 
the  entire  sheet,  itsaveras^e  thickness,  however,  wonld  prob- 
ably not  exceed  7  feet.  The  Red  Ash  coal-bed  has  recently 
been  extensively  mined  in  the  most  eastern  coal-basin  on 
Mine  Sheet  No.  VIIL  at  the  Red  Ash  and  Baltimore  Tun- 
nel collieries.  The  bed  is  14  feet  thick,  and  at  the  Empire 
colliery  has  been  found  to  be  composed  of  two  distinct 
i  members,   separated  by  34  feet  of  sandstone,  the  upper 

member  being  6'  9"  thick  and  the  lower  one  12'  &'  thick. 

Numerous  explorations  have  been  made  for  coal  in  the 
■  Pottsville  Conglomerate  strata,  which  immediately  underlie 
the  Red  Ash  bed,  and  in  which  the  Lykens  Valley  beds 
have  been  fonnd  in  the  Southern  field.  Along  the  Wilkes 
Barre  mountains  the  Pottsville  Conglomerate,  between  the 
bottom  of  the  Red  Ash  coal-bed  and  the  top  of  the  Mauch 
Chunk  Red  Shale,  No.  XI,  will  average  about  100  feet  thick 
On  the  Ashley  planes  the  Conglomerate  was  measured  by 
Mr.  Arthur  Winslow,  and  was  reported  240  Eeet  thick.  In 
this  conglomerate,  at  several  points  in  the  southern  mount- 
ain rim  of  the  Wyoming  valley,  a  coal-bed  has  been  found 
which  is  locally  known  as  Bed  A.  Its  thickness  ranges 
from  1  inch  to  12  inches.  Sufficient  explorations  have  been 
made  in  the  Wyoming  valley  to  warrant  the  assertion  that 
no  coal-bed  of  workable  thickness  containing  coal  com- 
mercially valuable  will  be  found  underlying  the  Red  Ash 
coal-bed. 

Below  are  the  reported  elevations  of  a  number  of  prominent 
points  within  the  area  covered  by  Mine  Sheet  No.  VIII : 

Elevation  of  Prominent  Points  on  Mine  Sheet  No.  VIIL 

Feet 
above  tide, 

L,  V.  R.  R. 

Wilkes  Barre  Old  Station, 549.0 

Wilkes  Barre  New  Station, 558.5 

Wilkes  Barre  New  Station  water-table, 554.489 

Mill  Creek  Station, 568.0 
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Feet 
above  tide, 

HiUman  Vein  breaker  on  rail, 506. 4 

Uill man  breaker  on  rail, 572.0 

Ltm  A  S.  rv.  R. 

Wilkes  Barre  Station, 560.08 

Pine  Ridge  Switoh, 505.5 

Gardner's  Switob, 587.0 

Enpirb,  No.  4,  Colliery,  (L.  A  S.  R.  R.) 

Head  of  No.  I  slope,      686.0 

Foot  of  No.  1  slope, 500.0 

Head  of  No.  4  slope,      331.0 

Foot  of  No.  4  slope, 187.0 

Hehd  of  No.  4|  slope, 184.0 

Foot  of  No.  4^  slope, 102.0 

Head  of  Old  Na  5  slope,     852.0 

Foot  of  Old  No.  5  slope, 191.0 

Foot  of  New  No.  5  slope —25.0 

First  lift  of  New  No.  5  slope, 180.0 

First  lift  of  Old  No.  6  slope, 272.0 

Tbp  of  Rook  plane, 861.0 

Fojt  of  Rock  plane, 830.0 

Top  of  No.  1  plane.  Red  Ash  bed, 408.0 

Foot  of  Na  1  plane,  Red  Ash  bed, 383. 0 

Topof  No.  2  plane,  Red  Ash  bed, 448.0 

Foot  of  No.  2  plane.  Red  Ash  bed, 336.0 

HOLLBNBACK  COLLIBRT,  (L.  A  S.  R.  R.) 

Head  of  Na  2  slope, 774.0 

Foot  of  No.  2  slope, 554.8 

Head  of  slope  No.  1,  (inside,) —25.8 

Foot  of  slope  No.  1,  (Inside,) 136.8 

Head  of  slope  No.  2,  (inside,) 557.5 

Foot  of  slope  No.  2,  (inside,) .   .   315. 0:^ 

Head  of  slope  No.  3,  (inside,) 689.9 

First  lift  of  slope  No. 3,  (inside,) 470.0 

Second  lift  of  East  slope  No.  3, 880.0 

Top  of  shaft, 545. 5 

Foot  of  shaft —31.9 

Top  of  air  shaft, 591.5 

Foot  of  air  shaft 266.3 

Foot  of  plane  to  air  shaft, —27.0 

Foot  of  Diamond  plane  to  air  shaft, 51.0 

First  lift  of  plane  to  air  shaft,       29.0 

Second  lift  of  plane  to  air  shaft, 135.4 

Third  lift  of  plane  to  air  shaft,         213.0 

Diamond  Shaft  Colliery,  (L.  AS.  R.  R.) 

Top  of  shaft,      601.0 

Foot  of  shaft, 228.0 

Head  of  Old  slope, 284.7 

First  lift  of  Old  slope,       182.0 

Second  lift  of  Old  slope, 128.0 
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above  tide* 

Third  lift  of  Old  slope, 48.0 

Head  of  new  slope, 241.4 

First  Ua  of  new  slope, 172.0 

Seoond  lift  of  new  slope,     . 128.0 

Third  lift  of  new  slope, 50.0 

Fourth  lift  of  new  slope,         —  1.7 

Foot  of  new  slope, ^50.0 

Headof  rook  plane, 229.7 

Foot  of  rook  plane, 74.7 

Top  Grant  Street  bore-hole, 656.6 

Bottom  Grant  Street  bore-hole, 93.1 

Rbd  Ahh  No.  1  Colliery,  (L.  A  S.  B.  R.) 

Head  of  rook  slope, 928.5 

Foot  of  rook  slope,     887.4 

Head  of  No.  1  slope, 907.0 

Foot  of  Na  1  slope, 824.0 

Mouth  of  No.  1  drift, 929.9 

Mouth  of  No.  2  drift,     987.0 

Mouth  of  tunnel,      886.2 

Mouth  of  Ross  drift, 927.0 

Red  Ash  No.  2  Colliery,  (L.  A  S.  R.  R.) 

Mouth  of  tunnel,  .   .                    941.2 

MouthbfRed  Ashdrift,No.  2, 987.0 

HiLLMAN  Vein  Colliery,  (L.  V.  R.  R.) 

Top  of  shaft, 550.0 

Hillman  landing, 465.0 

Bottom  landing,     269.0 

Top  of  air  shaft, 516.0 

Foot  of  air  shaft, 470.0± 

Head  of  inside  slope,  N.  dip,  Hillman  bed, 470.0 

Head  of  inside  slope,  S.  dip,  Hillman  bed, 467.0 

Footof  inside  slope,  S.  dip,  Hillman  bed, 419.0 

8.  end  of  inside  tunnel,     278.0 

N.  end  of  inside  tunnel, 276.0 

CoNYNOHAM  Colliery,  (L.  AS.  R.  R.) 

Top  of  shaft, • 571.08 

Foot  of  shaft, 17a97 

Head  of  Young's  slope, 562.9 

Baltimore  Colliery,  (L.  A  S.  R.  R.) 

Head  of  Baltimore  slope,          702.7 

Mouth  of  Old  Baltimore  tunnel, 602.8 

Head  of  inside  slope,  Baltimore  tunnel, 602.8 

First  lift  of  inside  slope,      545.0 

Seoond  lift  of  inside  slope,      455.0 

Third  lift  of  inside  slope, 355.0 

Headof  inside  slope  near  land  line,  (N.  dip,) 617.0 

Headof  inside  slope  near  land  line,  (8.  dip,) 617.0 

Head  of  Baltimore  shaft, 646.0 
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Feet 
above  tide. 
MiNEBAii  Spbino  Colliery,  (L.  AS.  R.  K.) 

Head  of  slope, 707.4 

Fint  lift  of  slope, 606.8 

Seoond  lift  east  of  slope,     554.5 

Second  lift  west  of  slope, 545.2 

Fourth  lift  of  slope, 479.9 

Fifth  lift  of  slope, 418.8 

Sixth  lift  of  slope, 389.1 

Foot  of  slope,  800.4 

Head  of  inside  slope,  No.  1, 288.2 

First  lift  of  inside  slope,  No.  1, 257.8 

Foot  of  inside  slope,  No.  1, 225.0 

Headofinsideslope,  No.  2,       288.2 

First  lift  of  Inside  slope.  No.  2, 204.8 

Footof  inside  slope.  No.  2,     144.8 

First  lift  tunnel  to  Cooper  bed,     611.9 

First  lift  tunnel  to  Ross  bed,      618.8 

Fifth  lift  tunnel  to  Ross  bed, 414.6 

Head  of  rock  plane, 569.0 

Foot  of  rock  plane,  548.4 

Bottom  lift,  tunnel  to  Ross, 808.2 

Laurel  Run  Colliery,  (L.  A  S.  R.  R.) 
Head  of  slope, 608.1 

Fine  Ridob  Colliery,  (L.  A  S.  R.  R.) 
Head  of  shaft, 599.0 

Mill  Creek  Colliery,  (L.  AS.  R.  R.) 
Head  of  slope, 609.9 

DoRRANCE  Colliery,  (L.  V.  R.  R.) 

Top  of  shaft, 59L6± 

Foot  of  shaft, 12.0± 

Prospect  Colliery,  (L.  V.  R.  R.) 

Top  of  shaft, 674.5 

Footof  shaft,        85.1 

Top  of  No.  1  plane, 147.9 

Foot  of  No.  1  plane, 99.9 

Top  of  No.  2  plane, .' *175.0± 

Foot  of  No.  2  plane, 89.7 

Top  of  Plane,  No.  8, 222.1 

Foot  of  Plane,  No.  8, 188.4 

Top  of  Plane,  No.  4, 261.7 

Foot  of  Plane,  No.  4, 222.8 

Top  of  Plane,  No.  5,  (Lower  Baltimore,) 224.1 

Foot  of  Plane,  No.  5,  (Lower  Baltimore,) 182.0^ 

Head  of  inside  slope.  No.  1, 84.6 

Foot  of  inside  slope.  No.  1, 42.2 

Oakwood  Shaft,  (L.  V.  R.  R.) 

Top  of  shaft, 67a4 

Footof  shaft, 52.2 

Upper  landing  of  inside  slope, —  46.9 
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reet 
above  tide. 

First  lift  of  inside  siope, —214.7 

Foot  of  inside  siope, —292.1 

MiDVALB  COLLIERT,  (L.  V.  R.  R.) 

Head  of  slope, 689.2 

First  lift  of  slope, 552.7 

Second  lifl;  of  siope, 420.0 

Tunnel  foot  of  slope, 419.5 

Tunnel  to  Bowkley  bed,  seoond  lift,  S.  end, 480.0 

Tunnel  to  Bowkley  bed,  first  lift,  S.  end, 554.1 

Head  o'  Seoond  Opening  slope, 67&0 

First  lift  of  Seoond  Opening  slope,     496.7 

Seoond  lift  of  Seoond  Opening  slope,     424.0 

Third  lift  of  Seoond  Opening  slope, 286.7 

Tunnel  to  Bowkley,  third  lift,  S.  end, 290.0 

Tunnel  to  Hillman,  third  lift,  S.  end, 292.7 

HiLLMAN  GOLLIEBY,  (L.  V.  R.  R.) 

Head  of  Hillman  Bed  slope,  S.  dip 568.9 

Foot  of  Hillmau  Bed  slope,  S.  dip, 864.0 

Mouth  of  HiUman  Bed  drift, 551.7 

Head  of  Hillman  Bed  slope,  N.  dip, 580.7 

Headof  Abbott  Bed  slope, 540.6 

Head  of  Rook  slope, 540.1 

HOLLENBAGK  (R.  S.  PoOLB)  COLLIERT,  (L.  V.  R.  R.) 

Head  of  slope  south  of  breaker, 592.7 

Head  of  slope  east  of  breaker, 593.4 

Head  of  Plank  Road  slope, 616.6 

Wyoming  Collibrt,  (L.  V.  R.  R.) 

Head  of  inside  plane, 876.5 

Foot  of  inside  plane, 311.7 


Chapter  VIII. 
Basins  and  Anticlinals  in  the  Northern  Coal-field. 

Introd,uctiov. 

Before  describino:  the  individual  anticlinals  and  basins, 
which  have  so  far  been  traced  by  the  present  Survey  in  the 
western  end  of  the  Wyoming  valley,  it  is  desirable  that 
an  outline  of  the  general  geological  structure  of  the  North- 
ern Coal-field  should  be  given,  since  the  geology  of  the 
Wyoming  and  Lackawanna  valley  is  distinct  in  many  of 
its  features  from  that  of  the  other  anthracite  basins. 

In  the  report  of  the  First  Survey  (1858)  a  general  reference 
is  made  to  the  undulations  found  in  the  strata  of  the 
Northern  field.  Many  of  the  conclusions  there  stated  have 
been  confirmed  by  the  mining  developments  of  the  past 
thirty  years.  Prior  to  the  time  of  the  examinations  of  the 
First  Survey,  the  knowledge  of  professional  geologists  and 
mining  engineers,  as  to  the  details  of  the  structure  of  the 
anthracite  basins,  was  very  imperfect,  and  although  some 
of  the  suggestions  then  made  have  not  been  borne  out  by 
facts  subsequently  obtained,  yet  so  many  of  them  have 
proved  correct,  that  theinsight  which  the  assistant  geologists 
of  the  First  Survey  had  of  the  general  geological  structure, 
calls  fortli  admiration. 

The  description  referred  to  is  republished  here  from  the 
Final  Report,  and,  with  the  slight  modifications  suggested 
in  the  foot  notes,  is  as  applicable  to  the  correct  understand- 
ing of  the  underground  geological  structure  of  the  field  as 
when  it  was  first  published. 

Undulations  of  the  Wyoming- Lackawanna  Basin* 

"There  are  several  features  connected  with  the  undula- 
tions of  the  coal  measures  in  the  Wyoming  and  Lackawanna 

*  Geology  of  Penn'a,  1858,  Vol.  II,  page  324. 

(898) 
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valley,  which  claim  attention  in  any  general  survey  of  the 
structure  and  mining  capabilities  of  this  basin,  or  in  any 
comparison  of  the  resources  of  its  different  sections.  Some 
of  these  concern  the  directions  of  the  undulations  with  re- 
spect to  each  other  and  to  the  course  of  the  general  valley 
which  contains  them,  while  others  belong  to  the  forms  of 
the  undulations  and  the  law  of  their  steepening  and  sub- 
siding. 

"1.  The  feature  of  widest  generality  connected  with 
these  anticlinal  and  synclinal  waves,  or  saddles  and  troughs 
of  the  strata,  is  their  remarkable  approximation  to  parallel- 
ism throughout  the  entire  range  of  the  basin,  irrespective 
of  the  bending  course  of  the  Main  Valley  and  its  including 
mountains.  This  constancy  in  the  direction  of  the  waves, 
though  singularly  close,  is  not  absolute  when  those  of  dis- 
tant sections  of  the  valley  are  compared,  there  being  a 
diflFerence  between  the  anticlinals  of  the  vicinity  of  Wilkes 
Barre  and  those  of  the  Lackawanna  valley  of  some  6°,  the 
former  ranging  about  N.  67°  E.,  while  the  Iktter  observe 
an  average  course  of  N.  72°  or  73°  E. 

'*As  a  natural  consequence  of  this  approximate  perman- 
ency of  direction  of  the  undulations  and  the  curving  out- 
line of  the  general  basin,  it  is  only  in  the  lower  or  W.  end 
of  the  valley  that  these  rolls  of  the  strata  are  parallel,  or 
even  nearly  so,  within  the  main  course  of  the  valley.  There 
the  chief  groups  among  the  anticlinals  approach  to  a  coin- 
cidence in  direction  with  the  mountain  forming  the  S.  side 
of  the  basin.  Advancing  N.  E.  to  the  Wilkes  Barre  and 
Pittston  districts,  this  parallelism  with  the  mountain  border 
is  more  and  more  departed  from,  and  with  its  progressive 
deflection  to  the  N.,  along  the  S.  E.  side  of  the  Lackawanna 
Valley,  the  obliquity  of  the  undulations  to  the  line  of  the 
basin  and  its  barriers  grows  conspicuously  greater.  From 
the  vicinity  of  Wilkes  Barre,  and  probably  from  further 
W.  the  whole  way  to  Carbondale,  these  anticlinals  come 
forth  in  succession  from  the  mountain  sides  of  the  valley 
at  larger  and  larger  angles  as  we  advance  towards  the  N.  E., 
the  anticlinal  waves,  broad  and  flat  on  the  slope  of  the 
mountains,  pointing  down  obliquely  W.  into  the  valley. 
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and  contracting  and  growing  steeper ;  while  the  synclinal 
tronghs  between  them  rise  out  of  the  central  bed  of  the 
basin,  flattening  and  shoaling  up  to  the  E.,  to  disappear  at 
higher  levels  on  the  same  mortntain  sides.  This  arrange- 
ment is  discernible  in  the  undulations  of  both  sides  of  the 
basin,  but  those  of  the  S.  E.  side  being  more  numerous,  of. 
steeper  flexure,  and  less  obscured  by  diluvial  drift,  the  fea- 
ture is  there  more  conspicuous.  Each  of  the  two  mountain 
barriei*s  of  the  valley,  with  its  set  of  anticlinal  spul-s  pass- 
ing oflf  from  it  at  successively  increasing  angles,  may  be 
likened  to  a  curving  fish-back,  one  concave,  the  other  con- 
vex, sending  out  its  spines  or  rays  at  increasing  obliquities, 
but  in  mutual  parallelism  with  one  another. 

"2.  A  further  general  fact  connected  with  these  undula- 
tions of  the  coal  measures,  interesting  for  its  geological 
bearings  and  not  less  so  for  its  practical  consequences,  is 
the  curious  declining  gradation  observable  in  the  sharpness 
of  the  successive  undulations  as  we  proceed  from  S.  W.  to 
N.  E.  along  fhe  basin.  Not  only  does  each  anticlinal  of 
the  S.  E.  side  of  the  valley  grow  gentler  or  flatter  in  its 
dips  as  it  slowly  rises  to  the  E.,  but  the  successive  ones  are 
fainter  and  fainter  at  the  same  proportionate  sections  of 
their  length  as  we  cross  them  obliquely  in  going  towards 
the  N.  E.  Those  of  all  the  lower  or  W.  end  of  the  valley, 
from  Beech  Grove*  to  Nanticoke,  show  inclinations  as  high 
as  45°  ;  those  between  Nanticoke  and  Wilkes  Barre  display 
dips  exceeding  30°t ;  and  those  between  Wilkes  Barre  and 
Pittston,  dips  averaging  20°  or  25° ;  while,  following  the 
Lackawanna  division  of  the  basin,  we  have  no  longer  any- 
thing approaching  this  last  steepness  of  flexure — except 
just  near  the  ends  of  the  saddles — but  rather  a  low  broad 
waving  of  the  rocks,  growing  feebler  and  feebler  as  we  ad- 
vance, until,  passing  Scranton  into  the  district  between  it 
and  Archibald,  regular  undulations  become  almost  imper- 
ceptible and  are  lost:t  ^^  ^^^  ^'^^7  gradual  dips  into  the  mid- 

*M.ocanaqaa. — (C.  A.  A.) 

t  Except  at  the  Stanton,  Franklin,  and  Henry  and  Wyoming  oyertama,  and 
at  the  Pa.  C.  Co.  fault,  where  the  strata  have  vertical  and  overturned  dips.— 
(C.  A.  A.) 

I  Except  Prioeville  and  Peokviile  anticlinal.— (G.  A:  A.) 
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die  of  the  genei-al  trough  from  the  two  borders  of  the  valley. 
Accompanying  this  progressive  smoo thing-out  of  the  waves 
or  corrugations  of  the  strata  from  the  S.  W.  towards  the 
N.  E.  end  of  the  whole  basin,  there  is  a  like  gradual  transi- 
tion of  declension  in  its  external  features,  from  sharp  and 
narrow-crested  ridges  and  deep  hollows  to  rounder  and 
gentler  spurs  and  valleys,  and  along  the  Lackawanna  to 
wide-topped  summits,  bluflfs,  and  open  denuded  plains. 

''3.  Other  points  of  general  structure  appertaining  to 
the  interior  undulations  of  the  main  basin  have  reference  to 
the  prevailing  form  of  the  anticlinals  and  their  troughs. 
A  main  feature  in  the  individual  waves  is  a  progressive  in- 
crease of  flexnre,  or  a  steepening  of  the  dips  on  both  sides 
of  the  anticlinals  as  they  advance  from  the  mountain 
sides,  where  they  originate,  out  into  the  central  tracts  of 
the  valley  to  near  their  terminations,  which  are,  therefore, 
comparatively  abrapt.  Remarkably  clear  exemplifications 
of  this  structure  present  themselves  to  any  close  observer 
of  the  anticlinals  between  Wilkes  Barre  and  the  Lacka- 
wanna. If  these  be  carefully  traced  from  the  E.  down  to 
this  district,  they  will  be  seen  to  grow  steadily  sharper  and 
sharper  in  their  dips,  until  they  approach,  in  their  oblique 
course,  to  the  banks  of  the  Susquehanna,  in  the  neighbor- 
hood of  which  they  nearly  all  subside  by  bluntly  rounding 
oflF.  In  proof  of  this  abrupt  cessation  we  have  only  to  re- 
mark the  contrast  between  the  general  steepness  of  these 
undulations  where  they  are  crossed  slantingly  by  the  old 
stage  road,  or  even  by  the  plank  road,  and  the  extreme 
gentleness  and  absolute  disappearance  of  many  at  the  canal, 
and  especially  at  the  shore  of  the  river.  The  very  position 
in  the  valley  which  the  river  has  taken  between  the  mouth 
of  the  Lackawanna  and  Wilkes  Barre  is  an  evidence  of  the 
sudden  dying  out  of  this  southern  system  of  anticlinals.  It 
would  seem  as  if  the  waters,  in  scooping  the  lower  valley  or 
plain  within  which  the  Susquehanna  flows,  had  been  unable 
to  pass  the  succession  of  barriers  presented  to  them  by  these 
ridges  in  the  strata,  and  were  forced  to  recoil  by  the  N. 
flanks  and  bold  ends  which  the  saddles  protruded  against 
them,  swinging  oflf  in  their  rebound  to  follow  the  deflecting 
26 
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course  of  the  waves  of  the  strata  towards  the  outlet  of  the 
drainage  of  the  valley,  the  wide  notch  in  tlie  northern 
mountain-barrier  at  Nanticoke. 

*'  The  N.  or  N.  W.  side  of  tne  valley  appears  to  have  its 
own  set  of  anticlinals  or  saddles,  as  already  intimated. 
Whether  these  observe  the  same  law  in  their  obliqne  de- 
scent into  the  valley  from  the  W.  of  a  progressive  increase 
of  dip  on  both  their  flanks,  I  am  not  prepared  at  present  to 
maintain,  as  the  structure  of  this  portion  of  the  valley  is 
largely  disguised  by  surface  drift,  and  as  the  points  of 
many  of  the  spurs  or  saddles  are  hid  by  the  deep  dilu- 
vium of  the  Wyoming  and  Lackawanna  flats.  All  analogy, 
and  every  theoretical  consideration  of  the  origin  of  this 
curious  feature  in  the  anticlinals,  would  indicate,  however, 
that  the  same  steepening  towards  their  terminations  belongs 
to  these  waves  which  characterizes  those  coming  from  the 
opposite  mountain  lying  E.  Whether  any  of  the  flexures 
of  the  upifer  strata  cross  the  basin  entirely,  passing  W. 
from  the  Southern  mountain  to  coincide  with  undulations 
proceeding  E.  from  the  Northern,  cannot  be  at  present 
known  ;  but  the  general  cessation  of  both  sets  towards  the 
middle  of  the  basin  is  a  strong  intimation  of  the  improba- 
bility of  such  a  condition. 

''4.  Besides  the  long,  parallel,  tapering  anticlinal  waves 
coming  very  acutely  oflf  from  the  mountain-borders  of  the 
basin,  there  are  numerous  shorter  and  narrower  ones  hav- 
ing the  form  of  oval  keels  or  saddles,  which  do  not  run  into 
the  mountains,  but  lie  more  or  less  insulated.  Undulations 
of  this  class  are  more  frequent  in  the  central  tracts  of  the 
valley  than  towards  the  sides,  and  their  relative  proportion 
to  those  of  the  longer  form  seems  to  increase  steadily  to- 
wards the  upper  or  N.  E.  end,  becoming  between  Scranton 
and  Carbondale  rather  the  prevailing  type.  In  the  upper- 
most parts  of  the  Lackawanna  basin  we  may  indeed  gener- 
ally describe  the  flexures  of  the  strata  less  as  continuous 
waves  or  ridges  than  as  successions  of  these  elongated 
elliptical  swells,  some  of  them  bulging  into  considerable 
steepness, ^but  the  chief  part  of  them  low  and  gentle  waves, 
often  too  obscure  to  be  detected  externally  in  the  topo- 
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gmphy,  or  in  the  dipping  rocks,  yet  obvious  in  the  mining 
of  the  coal,  over  which  the  feeblest  undulations  exert  an 
almost  tyrannic  control  as  regards  the  direction  of  the  levels 
and  gangways  within  the  mines.  It  is  a  consideration  of 
this  important  connection  between  the  forms  of  the  crust 
waves  and  the  whole  economy  of  mining  in  our  undulating 
coal-fields  that  induces  me,  in  this  place,  to  dwell  so 
minutely  on  the  several  shapes  which  these  assume. 

"5.  There  is  still  a  lesser  class  of  undulations  in  the  coal 
rocks  which  the  progress  of  mining  in  the  region  is  con- 
stantly bringing  to  light,  and  which  demands  some  mention 
here.  These  are  the  small,  irregular,  subordinate  rolls,  or 
short  and  narrow,  but  not  always  flattish  wavings  of  the 
strata,  on  the  flanks  of  the  principal  anticlinals.  In  some 
districts  of  the  anthracite  basins  these  secondary  flexures, 
whether  on  the  backs  or  sides  of  the  main  saddles,  or  in  the 
troughs  between  them,  are,  for  the  most  part,  parallel  with 
the  principal  undulations  which  support  them  ;  but  in  the 
Wyoming  and  Lackawanna  coal-field,  and  other  regions  of 
oblique  anticlinals,  they  are  themselves  acutely  oblique  to 
the  axes  of  the  great  waves  which  sustain  them.  Their  ar- 
rangement is  somewhat  analagous  to  that  of  the  small 
feathers  or  plumelets  on  the  side  of  a  bird's  wing.  While 
the  whole  wing  diverges  and  tapers  from  the  body  of  the 
bird — the  mountain  boundary  of  the  basin — these  lateral 
lesser  plumes  diverge  and  taper  in  their  turn  from  the  main 
direction  or  axis  of  the  wing.  Wherever  this  structure  pre- 
vails in  its  fullest  symmetry  the  mine  levels  or  gangways, 
when  extensive,  will,  in  winding  in  and  out  on  the  sides,  •' 
or  at  the  foot  of  a  chief  anticlinal  ridge,  have  that  variety 
of  the  scallop  form  which  we  may  call  oblique,  the  convex 
loops  all  pointing  in  one  direction,  that,  namely,  towards 
which  the  main  anticlinal  is  itself  subsiding.  The  second- 
ary rolls  are  numerous  in  the  great  mine  of  the  Baltimore 
Company  near  Wilkes  Barre. 

"  6.  Viewing  the  undulations  of  the  Wyoming  and  Lack- 
awanna coal-field  transversely  or  in  profile,  they  exhibit,  in 
the  main,  the  same  feature  of  a  preponderating  steepness 
of  dip  on  their  north-western  sides  which  characterizes  the 


404  GEOLOGICAL  SURVEY  OF  PENN'a,  1885. 

chief  part  of  the  secondary  flexures  of  the  Pottsville  basin  ; 
bnt  inasmuch  as  all  the  inclinations  of  the  rocks  of  this 
Northern  district  are  far  gentler  than  those  of  the  South- 
ern coal-field,  in  the  same  proportion  is  the  inequality  less 
in  the  slopes  of  the  opposite  sides  of  the  anticlinals,  until, 
in  the  Lackawanna  Valley  and  other  gently  undulated  dis- 
tricts, the  difference  in  an  average  of  several  waves  is 
almost  imperceptible.  The  general  trough -like  structure  of 
the  valley  in  these  sections  disputing  its  influence  on  the 
inclination  of  the  strata  with  the  local  flexures,  the  undula- 
tions of  the  S.  E.  side  of  the  basin  show  their  steepest  dips 
to  the  N.  W.,  or  towards  the  bed  of  the  valley,  while  those 
of  the  N.  W.  side  exhibit  theirs  on  their  S.  E.  flanks,  or  to- 
wards the  same  controlling  synclinal  line.  In  the  W.  end 
of  the  Wyoming  valley,  the  und  ulations  being  there  sharper, 
the  general  law  of  inequality  in  the  slant  of  the  sides  of  the 
waves  is  much  more  conspicuous  than  in  the  Lackawanna 
valley,  where  all  the  flexures  are  flatter,  and  where  local 
swells  have  relatively  greater  power  to  disguise  the  exist- 
ence of  any  general  law  of  form  in  the  undulations." 

Description  of  the  Basins  and  Anticlinals  of  the  Wyom- 
ing Valley, 

The  positions  of  the  axes  of  all  the  principal  anticlinals 
and  basins  which  it  was  possible  to  locate  in  that  portion  of 
the  Wyoming  valley  embraced  by  mine  sheets,  Nos.  Ill  to 
VIII,  inclusive,  have  been  indicated  by  blue  lines  on  the 
published  sheets.  (See  Atlas  Northern  Anthracite  Field, 
Part  I.)  Many  other  anticlinals  will  be  found  to  exist  in 
the  Wyoming  basin,  whose  positions  are  either  not  indi- 
cated on  the  mine  sheets  or  have  not  been  determined. 

Where  the  general  dip  of  the  coal-beds  is  slight,  many 
local  rolls  exist  in  them,  which  are  very  important,  as  af- 
fecting the  plan  of  the  mine  workings  and  the  system  of 
mine  drainage.  A  rise  of  only  a  few  feet  within  a  consid- 
erable distance  will  have  an  important  bearing  upon  both. 
Such  rolls  can  not,  as  a  rule,  be  discovered  by  surface  sur- 
veys, but  by  actual  exploitation  of  the  coal-beds. 
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In  this  connection  may  be  mentioned  the  anticlinal  found 
about  midway  down  the  slope,  driven  south-east  from  the 
foot  of  the  '*  Harry  E"  shaft,  and  shown  in  section  No.  24, 
cross-section  sheet,  No.  IV.  The  position  of  this  anticlinal 
is  not  indicated  on  the  accompanying  mine  sheet,  since  the 
dips  on  either  side,  while  very  important  to  the  miners,  are 
so  slight  that  at  the  time  this  sheet  was  constructed  it  was 
hardly  possible  to  assert  with  positiveness  that  this  anti- 
clinal was  one  continuous  flexure  from  the  ''Harry  E" 
slope  north-west  into  the  mine  workings  of  the  Black  Dia- 
mond colliery,  1200  feet  to  the  south-west,  although  it  is 
probably  represented  by  the  slight  rise  in  the  Bennett  bed 
immediately  to  the  south-east  of  the  Black  Diamond 
shaft.* 

Many  other  anticlinals  may  be  instanced  as  occuiTing  in 
the  Wyoming  basin,  but  whose  positions  are  not  shown 
on  the  map,  and  to  which  no  special  mention  is  made  in 
this  report.  They  are  local  features  of  great  importance  to 
the  individual  mine  operators,  but  would  not  be  generally 
interesting  in  a  description  of  the  prominent  structural 
features  of  the  valley. 

The  system  which  has  been  adopted  by  the  present  Sur- 
vey of  designating  anticlinals  in  the  coal  measures  is  very 
nearly  the  same  as  that  which  was  originally  used  by  the 
first  State  Survey. 

The  true  classical  method  of  naming  flexures  existing  in 
sedimentary  rocks  is  to  apply  the  name  anticlinal  to  those 
strata  which  dip  in  opposite  directions  from  a  common  ridge 
or  axis,  like  the  roof  of  a  house ;  and  to  apply  the  word 
synclinal  to  those  strata  which  dip  in  opposite  directions 
inward,  like  the  leaves  of  an  open  book.  In  the  case  of 
the  maps  and  reports  relating  to  the  Anthracite  Survey,  I 
have  diverged  from  this  general  plan,  and  have  designated 
the  latter  by  the  word  basin,  rather  than  by  the  word  syn- 
clinal. This  has  been  done  for  the  reason  that  the  word 
basin  is  more  generally  applied  to  the  latter  flexure  by 

*  Daring  the  past  year  the  mine  worJsings  of  the  Black  Diamond  ooUiery 
have  been  considerably  extended,  and  the  new  development,  when  oarefally 
studied,  will  doubtless  determine  this  question. 
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practical  men,  and  has  been  universally  assigned,  with  local 
names  prefixed  to  well  recognized  synclinals. 

Maltby  Anticlinal. 

The  Maltby  anticlinal  passes  immediately  in  front  of  the 
Maltby  tnnnel,  and  has  a  course  south  61^°  west,  to  a  small 
tnnnel  driven  nortli-west  from  the  Bennett  bed,  in  the  Fortv- 
Fort  Colliery.  The  colliery  workings  encountered  it  on 
either  side  of  the  anticlinal,  after  leaving  the  tunnel  again, 
and  also  in  the  center  of  the  tunnel  itself. 


Plains-  Yatesville  Anticlinal. 

Yatesville  is  located  on  Mine  Sheet  No.  X  and  Plains  in 
the  north-eastern  corner  of  Mine  Sheet  No.  VIII.  The  po- 
sition of  the  anticlinal,  which  takes  its  name  from  these 
two  villages,  would  seem  to  be  indicated  by  a  contin- 
uous straight  line  between  them.*  Its  location,  east  of 
Plains,  is  indicated  by  the  dip  of  the  outcropping  rocks, 
and  west  of  Plains  by  the  mine  workings  of  the  Enterprise 
colliery.  The  outline  of  the  mine  workings  at  this  colliery, 
shown  on  Mine  Sheet  No.  VII,  clearly  indicate  the  position 
of  the  anticlinal,  although  the  intensity  of  the  dip  on  either 
side  of  the  axis  is  not  shown.  No  levels  had  been  ran 
through  the  gangways  of  this  colliery  up  to  the  time  that 
the  Survey  map  was  constructed,  and  in  consequence  the 
structure  of  the  coal-bed  is  not  shown  bv  contour  curve  lines 
drawn  along  the  iloor  of  the  bed,  as  has  been  done  in 
most  of  the  other  colliery  workings  on  the  Wyoming  Mine 
sheets. 

Although  the  mine  workings,  which  will  ultimately  be 
driven  in  coal-beds  between  Plains  and  Yatesville,  will  un- 
doubtedly show  a  roll  in  the  coal-beds  in  close  proximity 
to  the  axial  line  of  these  anticlinals,  shown  on  Mine  Sheet 
No.  VII,  yet  it  is  possible  that  the  anticlinal  may  not  be 
one  continuous  flexure  between  these  two  villages. 

*8ee  Mine  Sheet  No.  8,  RothweU'a  topographical  map,  and  the  akeletoa  map 
of  the  Wyoming  basin,  (soale  1  mile  to  1  inch.) 
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The  general  tendency  of  the  anticlinals,  in  the  anthracite 
coal  measures,  is  to  die  out  in  corapamtively  short  distances 
and  to  be  replaced  by  other  anticlinals  which  gradually  de- 
velop alongside  of  the  first,  which  latter  gradually  dies  out. 
This  general  feature  is  amply  shown  by  the  mine  and  cross- 
section  sheets,  which  have  already  been  published  by  the 
Survey,  relating  not  only  to  the  Northern  coal-field,  but  on 
those  relating  to  the  Eastern  Middle,  Western  Middle,  and 
Southern  coal-fields. 

Where  such  a  structure  exists,  the  gangways  which  are 
^^driven^^  to  work  the  coal-beds  will  not  be  straight,  but 
their  general  direction  may  be  defined  by  a  straight  line, 
broken  at  points  by  local  curves,  which  will  make  the  gang- 
way assume  the  form  of  the  letter  "  S"  where  it  goes  around 
the  ends  of  both  the  dying  and  developing  anticlinals.  This 
remark  applies  not  only  to  the  Plains- Yatesville  anticlinal, 
but  to  all  other  anticlinals  which  are  shown  on  the  Survey 
sheets,  as  being  approximately  straight,  and  whose  positions 
have  been  hypothetically  deduced  from  connected  observa- 
tions of  surface  outcrops  and  not  from  actual  mining  de- 
velopments. 

Henry  Anticlinal, 

This  anticlinal  is  first  seen  at  an  elevation  of  about  300 
feet  above  tide  in  the  Baltimore  bed  of  the  Henry  colliery, 
and  has  only  been  traced  as  far  as  the  western  limits  of  the 
mine  workings  of  the  same  colliery.  The  dip  of  the  Bal- 
timore bed  from  the  axis  of  the  anticlinal,  on  either  side, 
varies  considerably  at  different  points  along  the  anticlinal, 
so  that  the  workings  are  very  much  more  modified  at  one 
point  than  at  another. 

Henry  Basin. 

This  basin  is  closely  allied  to  the  Henry  Anticlinal,  and 
runs  nearly  parallel  to  it,  at  the  eastern  end.  The  axial 
lines  are  about  200  feet  apart,  immediately  north  of  the 
Henry  shaft  about  400  feet  apart,  and  at  their  western 
limit  about  300  feet  apart.  The  dips  on  either  side  of  the 
basin,  and  towards  its  center,  have  a  more  decided  influ- 


408  GEOLOGICAL  SURVEY  OF  PENN'a,  1885. 

ence  upon  the  position  of  the  mine  workings  than  the  dips 
on  either  side  of  the  anticlinal. 

Henry  and  Wyoming  Fault. 

The  occurrence  of  a  true  break  or  slip  fault  in  the  anthra- 
cite coal-beds  is  comparatively  rare.  Where  they  have  been 
found  they  are  usually  the  result  of  an  overturned  anti- 
clinal. Such  a  fault  was  passed  through  by  the  Henry 
shaft.  The  bottom  of  the  shaft  is  in  the  Bennett  or  Lower 
Baltimore  bed,  and  between  this  point  and  where  the  shaft 
passed  through  the  Upper  Baltimore  bed,  the  lower  bed 
was  found  on  the  upper  side  of  the  fault.  This  fault  has 
also  been  proven  by  one  of  the  underground  slopes  at  the 
Wyoming  Colliery. 

There  are  many  interesting  structural  features  connected 
with  the  occurrence  of  this  fault,  and  concerning  which  the 
Survey  is  at  present  collecting  information,  up)on  which 
will  be  based  a  special  map  and  description  of  the  fault  for 
subsequent  publication.  As  nearly  as  could  be  determined, 
from  the  examination  which  has  so  far  been  made,  the  po- 
sition of  this  fault  is  as  indicated  on  Mine  Sheet  No.  VII, 
and  the  local  structure  of  the  fault,  at  the  Henry  air  shaft, 
is  shown  on  section  No.  28,  Cross-section  sheet  No.  IV. 

Wyoming  Shaft  Anticlinal. 

The  position  of  this  anticlinal  is  clearly  defined  by  the 
mine  workings  from  the  Henry  and  Wyoming  Colliery 
shafts  where  the  anticlinal  was  encountered  in  the  mine 
workings  in  the  Baltimore  bed,  directly  to  the  south  of  Henry 
plane,  No.  7.  Its  crest  slopes  to  the  west  about  1  foot  in 
every  7  feet.  To  the  south  of  the  Henry  air-shaft  its  crest 
sinks  more  rapidly.  This  feature  is  shown  by  the  contour 
curve  lines  drawn  along  the  floor  of  the  Bennett  bed  in  the 
Henry  mine  workings.  The  western  portion  of  the  anti- 
clinal in  the  Wyoming  workings  is  much  sharper,  and  the 
dip  steeper  on  either  side,  than  in  the  Henry  workings,  and 
the  anticlinal  will  be  found  to  die  probably  north  of  the 
Susquehanna  river. 


Ashhurner.^  anthracite  region,  chap.  viii.  409 

Mill  Creek  Slope  Basin. 

The  general  features  of  the  structure  of  this  basin  are 
probably  more  regular  than  those  of  any  one  basin  within 
the  area  across  which  the  structural  lines  just  referred  to 
pass.  The  basin  is  iirst  boldly  defined  by  the  gangways 
driven  in  the  Bennett  and  Cooper  beds  from  the  Mill  Creek 
slope  and  Wyoming  shaft.  The  general  structure  of  this 
basin  east  of  the  Susquehanna  river  is  suggestive  of  the 
conclusion  that  the  basin  probably  becomes  more  promi- 
nent west  of  the  river. 

Mill  Creek  Slope  Anticlinal. 

The  direction  of  the  crest  of  this  anticlinal  would  seem 
to  make  a  rather  sharp  angle  on  Mine  Sheet,  No.  VIII, 
about  1000  feet  north  of  the  Mill  Creek  breaker.  Immedi- 
ately east  of  this  point  there  are  no  mine  workings  from 
which  to  locate  the  anticlinal.  The  geological  facts  to  be 
had  from  surface  examinations  would  lead  to  the  conclusion 
that  the  anticlinal  is  very  nearly  parallel  to  the  axis  of  the 
Wyoming  shaft  anticlinal  west  of  this  point.  The  axial  line 
of  the  anticlinal  bends  to  the  south,  and  its  position  is 
clearly  defined  by  the  mine  workings  of  the  Mill  Creek 
slope,  Wyoming  shaft,  HoUenback  (R.  S.  Poole)  colliery, 
and  the  gangways  which  form  a  part  of  the  mine  workings 
of  the  Prospect  colliery ;  passing  under  the  Susquehanna 
River  bed,  and  around  the  anticlinal,  nearly  1200  feet  west 
of  the  river  bank.  In  this  locality  the  crest  of  the  anticlinal 
sinks  about  150  feet  in  800  feet,  and  the  dips  on  eithier  side 
are  sharper  than  elsewhere  along  the  crest. 

Prospect  Shaft  Basin. 

This  basin  is  a  local  feature  ,  which  has  been  developed 
more  particularly  by  the  mine  workings  of  the  Hillman 
and  Prospect  collieries.  It  is  characterized  by  the  fact  that 
just  north  of  the  Prospect  shaft  it  shows  very  distinctly  in 
the  Upper  Baltimore  bed,  immediately  under  the  point 
where  the  Midvale  slope  is  driven  into  the  Hillman  bed, 
and  where  no  indication  of  the  existence  of  such  a  basin 
is  observed.     In  fact,  the  Midvale  slope  is  apparently  driven 
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on  the  south  side  of  an  anticlinal  which  exists  in  the  Hill- 
man  bed  immediately  over  the  basin  which  exists  in  the 
Baltimore  bed. 

This  feature  is  illustrated  by  Section,  No.  34,  on  Cross- 
Section  Sheet,  No.  IV,  and  is  referred  to  as  a  caution  to 
mining  engineers  and  geologists  in  deducing  conclusions  as 
to  the  geological  structure  which  may  exist  in  one  coal-bed 
from  the  geological  structure  which  may  be  absolutely  de- 
termined by  mine  workings  in  an  overlying  or  underlying 
coal-bed. 

Prospect  Shaft  Anticlinal. 

The  line  marking  the  crest  of  this  anticlinal  conforms 
almost  absolutely  to  the  axial  line  of  the  Prospect  basin. 
The  most  eastern  location  of  this  anticlinal  which  has  been 
determined  is  in  the  Baltimore  workings  of  the  Pine  Ridge 
shaft,  through  which  it  passes,  at  a  point  about  600  feet 
north  of  the  shaft,  and  continues  nearly  due  west  to  the 
Hillman  colliery  breaker,  under  the  southern  corner  of 
which  it  passes ;  then  deiiects  toward  the  south-west  to  the 
Prospect  shaft,  having  cut  the  Baltimore  beds  included  in 
the  crest  of  the  anticlinal.  Both  the  Prospect  Shaft  anti- 
clinal and  basin  may  be  considered  local  features  in  com- 
parison with  the  Mill  Creek  anticlinal  and  basin. 

Cemetery  Basin. 

This  basin  has  been  encountered  in  the  Baltimore  work- 
ings from  the  Pine  Ridge  shaft,  through  which  the  center 
of  the  basin  has  a  general  south-west  direction  ;  but,  on 
leaving  these  workings,  the  center  of  the  basin  deiiects  to- 
ward the  north  ;  passes  through  the  workings  of  the  Abbott 
bed  from  the  Hillman  slope ;  crosses  the  railroad  twice  in 
the  vicinity  of  a  drift  driven  in  the  New  bed,  and  over  the 
southern  end  of  the  Rope-way  slope  from  the  Oakwood 
shaft ;  crosses  Chestnut  street  to  Mill  Creek  street  near  its 
intersection  with  Franklin  street,  and  then  passes  through 
the  Hollenback  Cemetery,  where  its  position  is  lost  in  the 
Susquehanna  river. 
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Cemetery  Anticlinal. 

The  position  of  this  anticlinal  has  been  determined  alone 
from  the  dip  of  the  outcropping  rocks,  no  mine  workings 
having  ever  been  driven  across  its  axis.  Its  line  crosses 
Franklin  street  near  the  intersection  of  Elk  and  Pine 
streets,  runs  along  parallel  to  Pine  street,  and  crosses 
River  street  between  Linden  and  Maple  streets,  through 
both  the  Hollenback  and  Public  Cemeteries,  and  is  lost 
along  the  river  bank  north  of  the  Dorrance  shaft.  Its  dips 
are  best  seen  in  the  L.  V.  R.  R.  cut,  on  the  Main  Street  hill 
west  of  Mill  creek,  and  in  the  Dorrance  air-shaft. 

Gas  Works  Basin. 

The  position  of  this  basin  has  been  determined  alone  from 
surface  observations.  It  crosses  Main  street  between  Co- 
nynghara  and  Courtright  avenues,  passes  to  the.  north  of 
Bowman's  hill,  and  crosses  River  street  a  short  distance 
east  of  North  street,  and  south-west  to  the  gas  works,  where 
it  is  plainly  developed  by  opposite  dips  on  the  river  bank. 
The  Conyngham  shaft  is  on  the  south  side  of  this  basin. 

ConyngJiam  Anticlinal. 

The  first  evidence  which  has  been  found  of  the  existence 
of  this  anticlinal  is  in  the  vicinity  and  to  the  east  of  Laurel 
Run  slope,  and  its  position  is  clearly  defined  by  the  Laurel 
Run,  Baltimore,  Conyngham,  Hillman  Vein,  and  Hollen- ' 
back  mine  workings.  The  elevation  of  the  outcrop,  at  the 
mouth  of  Laurel  Run  slope,  which  is  driven  in  the  bottom 
member  of  the  Baltimore  bed,  is  608  feet  above  tide.  The 
crest  of  the  anticlinal  from  this  point  falls  rapidly  for  a  dis- 
tance of  about  seven  eighths  of  a  mile  (4550  feet),  to  the  bot- 
tom of  the  Baltimore  slope,  where  the  elevation  of  the  crest 
of  the  anticlinal  is  about  255  feet  above  tide.  From  this 
point  south-west  about  half  a  mile  (2700  feet),  the  crest  of 
the  anticlinal  falls  50  feet,  south-west  from  this  point  to  a 
point  under  Canal  street,  midway  between  North  and  Beau- 
mont streets,  a  distance  of  about  3200  feet,  the  crest  falls  a 
little  more  than  200  feet  to  an  elevation  slightly  below  tide 
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level.  The  steepest  dips  on  either  side  are,  without  doubt, 
located  between  the  foot  of  Baltimore  slope  and  a  plane 
driven  southeast  from  the  Conyngham  shaft. 

Conyngham  Shqft  Basin. 

The  direction  of  the  center  of  this  basin  conforms  very 
nearly  to  the  direction  of  the  Conyngham  anticlinal,  and  is 
co-extensive  with  it  from  Laurel  Run  slope  to  the  Hillman 
Vein  shaft.  The  distance  between  the  two  axial  lines  varies 
from  200  to  400  feet.  The  subsidence  of  the  bottom  of  the 
basin  is  in  a  general  way  coincident  with  the  crest  of  the 
anticlinal. 

Hollenhack  Air-shaft  Anticlinal. 

The  location  of  the  crest  of  this  anticlinal  is  readily  shown 
by  the  mine  workings  of  the  Baltimore,  Diamond,  and  Hol- 
lenback  collieries,  and  from  the  dips  of  the  outcropping 
rocks  between  the  Mineral  Spring  colliery  and  the  South 
Wilkes  Barre  shaft  workings.  The  elevation  of  the  crest 
of  the  anticlinal  in  the  Baltimore  bed  at  the  Baltimore  slope 
is  about  675  feet  above  tide.  If  the  anticlinal  in  this  bed 
falls  progressively  towards  the  south-west  until  at  a  point 
near  the  inlersection  of  Northampton  and  Wells  streets 
south-east  of  the  old  Lehigh  Valley  depot,  the  elevation  of 
the  crest  of  the  anticlinal  in  the  same  bed  is  tide  level. 
South-west  of  this  point  there  are  no  mine  workings  in  the 
vicinity  of  the  anticlinal,  and  its  position  has  been  deter- 
mined by  surface  outcroi:)s. 

BaltiTTiore  Shaft  Basin. 

The  direction  of  the  Baltimore  shaft  basin  conforms  verv 
nearly  to  the  HoUenback  air  shaft  anticlinal,  and  is  boldly 
marked  by  the  Baltimore  and  HoUenback  mine  workings  in 
the  Baltimore  bed.  About  300  feet  north  of  the  Baltimore 
shaft,  the  elevation  of  the  top  of  which  is  640  feet  above 
tide — the  elevation  of  the  bottom  of  this  basin  is  400  feet 
above  tide.  The  elevation  of  the  bottom  of  the  basin  under 
Coal  street,  about  midway  between  Grant  and  Sherman 
streets,  is  at  tide,  and  in  the  vicinity  of  the  Grant  Street 
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bore-hole,  100  feet  below  fide,  making  a  total  descent  to  the 
bottom  of  the  basin  at  this  latter  point  about  750  feet.  (See 
Section  No.  31,  Cross-Section  Sheet  No.  V.) 

Baltimoi'e' Stanton  Anticlinal, 

The  position  of  the  crest  of  this  anticlinal  in  the  Balti- 
more bed  is  distinctly  marked  by  the  mine  workings  of  the 
Baltimore  tunnel,  Empire,  and  Diamond  colliery  workings, 
and  by  the  dip  of  the  outcropping  rocks  in  the  vicinity  of 
Laurel  Run.  The  elevation  of  the  crest  of  the  anticlinal, 
about  100  feet  south  of  the  face  of  the  Baltimore  tunnel,  is 
630  feet  above  tide,  and  it  dips  rapidly  toward  the  south- 
west, where  the  anticlinal  crosses  Northampton  street  about 
a  quarter  of  a  mile  north-west  of  the  Empire  oflSce  of  the 
Lehigh  &  Wilkes  Barre  Coal  Company.  The  elevation  of 
the  crest  in  the  Baltimore  bed  is  250  feet  above  tide.  Tliis 
anticlinal  is  probably  identical  with  the  Stanton  Air-Shaft 
anticlinal,  the  position  and  structure  of  which  are  clearly 
shown  on  Mine  Sheet  No.  VL 

Empire  Basin. 

This  basin  is  one  of  the  most  striking  and  extensive  in 
the  Northern  Coal-field,  the  features  of  which  are  clearly 
shown  by  the  workings  of  the  Empire  colliery  of  the  Lehigh 
&  Wilkes  Barre  Coal  Company.  The  dips  of  this  basin 
are  so  clearly  shown  by  mine  workings  and  underground 
contour  curves  on  Mine  Sheet  No.  VIII,  and  Sections  Nos.* 
32  and  33  on  Cross-Section  Sheet  No.  V,  that  anv  further 
explanation  is  not  needed  here.  Between  the  point  im- 
mediately north  of  the  Empire  shaft  and  the  Stanton  shaft, 
the  exact  position  of  the  center  of  this  basin  is  not  fully 
determined  by  the  mine  workings  as  shown  by  Mine  Sheets 
Nos.  VI  and  VIIL 

Stanton  Anticlinal. 

This  is  a  local  anticlinal  which  is  developed  in  the  Balti- 
more Coal-bed  between  the  Old  Kidder  breaker  and  the  Em- 
pire shaft  breaker. 
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Stonton  Basin. 

This  basin  in  the  Baltimore  bed  extends  from  a  point 
south  of  the  Old  Kidder  breaker,  immediately  under  the 
south  end  of  the  Empire  shaft  breaker,  and  thence  to  a 
point  under  the  Stanton  shaft  breaker.  This  basin  and  the 
Empire  basin  in  the  vicinity  of  the  Stanton  shaft  are  closely 
connected  with  the  Stanton  overturn  which  has  been  clearly 
defined  in  the  vicinity  of  Stanton,  No.  7,  shaft,  both  by 
the  shaft  and  a  tunnel  driven  from  the  north-dipping  Balti- 
more bed  in  the  Stanton  basin  to  the  north-dip  of  the  same 
bed  in  the  Empire  basin.  It  is  proposed  to  make  a  special 
study  and  map  of  this  overturn  for  future  publication. 

Franklin  Slope  Anticlinal. 

This  flexure  is  clearly  defined  by  the  mine  workings  in 
the  Red  Ash  bed  at  Empire,  No.  2,  slope  and  the  mine 
workings  in  the  Baltimore  bed  at  the  Franklin  slope.  Im- 
mediately to  the  south  of  the  western  end  of  this  anti- 
clinal, in  the  south-eastern  portion  of  the  town  of  Ashley, 
the  Baltimore  bed  is  overturned  on  itself,  forming  the  Frank- 
lin overturn.  A  special  survey  and  map  of  this  overturn 
is  to  be  made  in  conjunction  with  similar  examinations  of 
the  Stanton  and  Henry  overturn,  and  also  of  the  Reynolds 
fault  anticlinal,  the  position  of  which  is  shown  on  Mine 
Sheet  No.  V.  From  the  Empire  slope.  No.  3,  a  small  basin 
and  anticlinal  exist  of  only  local  extent. 

Newtown  Basin, 

The  existence  of  this  basin  in  the  Baltimore  bed  is  first 
shown  by  the  mine  workings  from  Empire  slope.  No.  3,  the 
elevation  of  the  crest  of  which,  at  the  outcrop,  is  about  726 
feet  above  tide.  This  basin  sinks  rapidly  to  a  point  about 
three  eighths  of  a  mile  east  of  Nanticoke  Junction,  at  Ash- 
lev,  where  the  elevation  of  the  crest  in  the  Baltimore  bed 
is  260  feet.  From  this  point  the  center  of  the  basin  passes 
under  Ashley,  No.  6,  breaker,  through  the  center  of  the 
village  of  Newtown,  and  its  last  development  in  the  mine 
workings  is  found  in  those  of  the  Kidney  bed,  at  the  Sugar 
Notch  colliery. 
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Ashley  Shops  Anticlinal. 

This  anticlinal  is  developed  by  the  Ashley  colliery  work- 
ings in  the  Baltimore  bed  and  the  Sugar  Notch  workings 
in  the  Kidney  bed,  also  by  the  dip  of  outcropping  rocks 
along  its  extent.  Its  axis  is  beautifully  exposed  in  the 
railroad  cut  at  the  Ashley  shops,  from  which  the  anticlinal 
has  been  named. 

Petty' s  Pond  Basin. 

This  basin  is  defined  by  the  mine  workings  in  the  Balti- 
more bed  from  the  Stanton  shaft  and  by  surface  exposures. 
Petty' s  pond  is  directly  over  the  center  of  the  basin,  as 
nearly  as  can  be  determined,  hence  the  name. 

Stanton  Bore-Hole  Anticlinal. 

The  position  of  this  flexure  is  determined  by  the  Stanton 
bore-hole  and  tunnel  driven  through  the  anticlinal  connect- 
ing the  Baltimore  bed  workings  on  either  side  of  it,  and  by 
surface  exposures  along  the  crest  throughout  the  north-west- 
ern part  of  the  village  of  Ashley. 

Ashley  Cemetery  Anticlinal. 

The  axis  of  this  anticlinal  was  locatecl  from  surface  ex- 
posures in  the  vicinity  of  Ashley  cemetery  and  at  the  junc- 
tion of  what  is  known  as  the  Middle  road  with  a  road  run- 
ning south  towards  Sugar  Notch.  A  great  many  exposures 
can  be  found  along  the  continuous  extent  of  this  anticlinal 
as  shown  by  Mine  Sheet  No.  V^I.  No  mining  developments 
have  been  made  in  its  vicinity. 

Hanover  Oreen  Antlclinals. 

The  north,  middle,  and  south  Hanover  Green  anticlinals 
occur  immediately  south  of  where  Buttonwood  creek  emp- 
ties into  the  Susquehanna  river.  These  anticlinals  are  dis- 
tinctly marked  by  the  dip  of  the  outcropping  rocks,  and, 
although  their  extent  is  apparently  limited,  they  will  no 
doubt  have  a  very  important  bearing  upon  the  economical 
mining  of  coal  in  their  vicinity. 


416  GEOLOGICAL  SURVEY  OF  PEXX  A,  1885. 

ButzbacK  S'Bvtlonwood  AnticlinaL 

This  flexure  exists  from  the  Old  Buttonwood  shaft,  which 
was  sank  almost  immediately  on  the  crest  of  the  anticlinal 
to  a  point  on  the  Susquehanna  river  immediately  below 
Butzbach's  Landing,  near  the  month  of  Buttonwood  creek. 

Behees  Pond  Anticlinal, 

Xamerous  exposures  with  well  defined  dips  eiist  along 
the  crest  of  this  anticlinal,  as  defined  on  Mine  Sheets,  Xos. 
VI,  IV,  and  III,  and  at  several  points  the  rocks  are  ex- 
posed immediately  over  the  center  of  the  anticlinal  with  vis- 
ible dips  on  either  side.  This  anticlinal  has  been  traced 
from  a  point  about  three  quarters  of  a  mile  north  of  the 
village  of  Sugar  Notch,  south  of  west  of  the  southern  lim- 
its of  the  town  of  Nanticoke,  and  is  probably  identical 
with  the  anticlinal  encountered  by  the  extreme  south- 
western workings  in  the  Mills  bed  from  Susquehanna  shaft, 
No.  1,  west  of  Nanticoke. 

Hanoner  ^^ Hogback y 

This  is  one  of  the  most  prominent  geological  features  in 
the  Wyoming  Valley,  and  its  position  is  marked  by  the 
boldest  topography  which  is  found  between  the  mountain 
limits  of  this  part  of  the  valley.  The  bold  outcrops  of  sand- 
stone and  conglomerate  which  occur  along  it  have  been  some- 
times locally  mistaken  for  outcrops  of  the  Pottsville  Con- 
glomerate, No.  XII,  and,  in  consequence,  it  has  been  natu- 
rally inferred  that  no  coal  exists  underneath  the  surface  in 
this  part.  This  is  a  great  mistake,  since  the  sandstone  and 
conglomerate  which  outcrop  along  the  Hanover  "Hogback" 
is  above  the  Kidney  coal-bed  in  the  geological  column,  and 
there  is  no  geological  reason  why  all  the  coal-beds  which  are 
mined  between  Ashlej%  Plymouth,  and  Nanticoke,  occurring 
under  the  surface  along  this  "Hogback,"  should  not  be 
found  equal  in  thickness  and  containing  coal  as  good  as 
elsewhere  mined.  A  bore-hole  recently  sunk  by  the  Dela- 
ware, Lackawanna  and  Western  Railroad  Company  north 
of  the  cross  roads  at  Askam,  in  the  north-western  part  of 
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Mine  Sheet,  No.  VI,  if  drilled  deep  enough  has  doubtless 
passed  through  and  defined  the  thickness  and  position  of 
all  these  coal  beds.  The  record  of  this  hole  is  not  in  pos- 
session of  the  Survey. 

The  line  of  this  ''Hogback"  has  been  traced  from  a  point 
half  a  mile  north  of  the  village  of  Sugar  Notch  to  a  point 
immediately  north  of  the  junction  of  the  Nanticoke  and 
Wanamie  branches  of  the  Lehigh  and  Susquehanna  R.  R., 
and  its  position  has  been  carefully  mapped  on  the  mine 
sheets  already  refen'ed  to. 

Sugar  Notch,  No,  10,  Breaker  Anticlinal. 

The  axis  of  this  anticlinal  is  clearly  defined  by  the  dip  of 
the  outcropping  strata,  and  from  cross-sections  constructed 
across  the  mine  workings  of  Sugar  Notch  collieries,  Nos.  9 
and  10. ' 

Sugar  Notch  Tunnel  Anticlinal, 

This  anticlinal  has  been  encountered  in  the  mine  work- 
ings of  Sugar  Notch  No.  9,  colliery  driven  in  the  Ross 
coal-bed.  It  does  not  probably  extend  much  beyond  the 
Maffet  colliery,  as  shown  on  Mine  Sheet,  No.  VI. 

BennetVs  Creek  Anticlinal. 

This  anticlinal  lies  between  the  village  of  Sugar  Notch 
and  Warrior  Run  colliery,  and  its  axis  was  located  by  con- 
tinuous dips.  West  of  Warrior  Run  colliery  another  anti- 
clinal is  shown  by  outcrops  located  along  Warrior  run  near 
the  junction  of  its  head  forks.  This  is  probably  the  con- 
tinuation to  the  south-west  of  the  Bennett's  Creek  anti- 
clinal. No  outcrops  can  be  found  between  the  two  anti- 
clinals,  as  shown  on  the  Mine  Sheet,  No.  IV,  so  that  each 
has  been  described  by  individual  names. 

Mocanaqua-  Warrior  Ran  Anticlinal. 

The  position  of  the  eastern  end  of  this  anticlinal  is  shown 

by  steep  dips  at  Plurabtown,  and  its  position  as  indicated  on 

Mine  Sheets,  Nos.  Ill  and  IV,  has  been  determined  by  the 

dip  of  outcropping  rocks  almost  along  its  entire  length. 

27 
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Nowhere  on  Mine  Sheet,  No.  IV,  has  any  mining  been  done 
on  this  anticlinal,  but  on  Mine  Sheet,  No.  Ill,  at  Wanamie 
colliery,  the  bed  which  is  locally  known  as  the  Baltimore 
bed,  has  been  mined  in  the  vicinity  of  the  anticlinal. 

Wanamie  Slope^  No.  18^  Anticlinal  and  Basins. 

These  flexures  have  been  clearly  defined  by  the  mine 
workings  in  the  Wanamie- Baltimore  bed  at  Wanamie  col- 
liery, No.  18,  Lehigh  and  Wilkes  Barre  Coal  Company. 
The  position  and  local  features  of  both  the  anticlinal  and 
basins  are  clearly  indicated  by  the  contour  lines  drawn 
along  the  floor  of  the  Baltimore  bed  on  Mine  Sheet,  No. 
III.  The  north  basin  commences  immediatelv  at  the 
breaker,  and  is  exclusively  developed  to  the  south-west  of 
it.  The  basin  falls  to  the  south-west  along  its  axis  300  feet 
in  1600  feet,  with  an  apparent  steeper  dip  to  the  south-east 
side  of  the  basin  than  on  the  north  side.  The  south  basin 
is  really  a  local  roll  in  the  south  side  of  what  I  have  de- 
scribed as  the  north  basin,  and  is  first  proven  at  the  west- 
ern end  bj'^  the  mine  workings  at  a  point  500  feet  west  of 
plane.  No.  3.  From  this  point  the  basin  continues  north- 
east to  the  extreme  eastern  limit  of  the  Wanamie  workings 
toward  the  Alden  colliery.  The  Wanamie  anticlinal  runs 
between  the  two  basins.  It  commences  at  the  west  with  the 
south  basin,  and  is  continuous  with  it  towards  the  east.  An 
unfortunate  typographical  error  exists  on  Mine  Sheet,  No. 
Ill,  where  the  axes  of  these  two  basins  are  shown.  The  axis 
of  the  north  basin  south-west  of  the  breaker  is  made  con- 
tinuous with  the  axis  of  the  anticlinal  to  the  north  east  of 
the  breaker.  The  error  is  easily  understood  by  a  study  of 
the  contour  curve  lines  drawn  on  the  floor  of  the  Baltimore 
bed,  and  from  which  the  true  position  of  the  axial  lines  can 
be  located. 

Newport  Centre  Anticlinals. 

The  existence  of  anticlinal  No.  5,  was  based  largely  upon 
the  dip  of  an  outcrop  in  the  wagon  road  between  Newport 
Centre  and  Wanamie.  Mr.  Hill  reports  that  he  has  failed 
to  find  similar  dips  either  east  or  west  of  this  point,  and  he 
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therefore  questions  the  accuracy  of  the  location  of  the  anti- 
clinal. 

The  positions  of  the  anticlinals  Nos.  3  and  4,  are  clearly 
defined  by  numerous  outcrops  in  their  vicinity.  The  anti- 
clinals Nos.  1  and  2,  pass  through  Newport  Centre  for  a 
distance  of  about  a  mile.  East  of  Newport  Centre  the  axial 
lines  are  nearly  parallel  to  one  another^ and  apparently  not 
more  than  300  feet  apart  at  any  point.  It  has  been  ques- 
tioned whether  two  distinct  anticlinals  exist  here,  but  so 
many  dips  have  been  measured  and  located  that  thei'e 
seems  to  be  very  little  doubt  but  that  there  are  two  distinct 
anticlinals. 

Newport  Creek  Anticlinals  Nos.  i,  ^,  and  3. 

The  location  of  these  anticlinals  has  been  determined  by 
the  dip  of  numerous  outcropping  strata  immediately  to  the 
south-west  of  the  Buck  Mountain  and  Ross  bed  workings 
of  the  Susquehanna  Coal  Company,  south  of  the  river.  The 
eastern  ends  of  these  anticlinals  are  clearly  defined  by  the 
Bnck  Mountain  mine  workings.  The  lines  of  the  axes  of 
the  anticlinals  are  ne(\rly  parallel  to  one  another. 

Honey  Pot  Tunnel  Anticlinal, 

The  position  of  this  anticlinal  is  boldly  marked  by  the 
Susquehanna  Coal  Company's  mine  workings  in  the  Buck 
Mountain  bed,  on  both  sides  of  the  Susquehanna  river  at 
Nanticoke,  and  by  the  dip  of  the  outcropping  rocks.  It 
is  impossible,  of  course,  to  trace  these  anticlinals  across 
the  river  valley  between  the  Honey  Pot  Tunnel,  No.  2, 
workings  on  the  south-west  of  the  river,  and  Colliery, 
No.  3,  workings  north-east  of  the  river.  There  is  every 
reason  to  believe  that  the  anticlinals  on  both  sides  of  the 
river  are  continuous  across  it,  and,  if  they  are  not,  it  is  a 
matter  of  no  practical  importance  to  the  mining  interests. 

Espy  Rvn  Anticlinals. 

These  are  a  succession  of  what  appear  to  be  local  rolls, 
the  positions  of  which  are  readily  determined  by  local  out- 
crops along  Espy  Run,  east  of  Nanticoke. 
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Reynolds  Fault  Anticlinal.. 

This  anticlinal  has  been  enconntered  in  the  mine  work- 
ings at  Reynolds,  Nottingham,  Gaylord,  Dodson,  and  Lance 
collieries  in  the  vicinity  of  and  to  the  west  of  Plymonth  on 
Mine  Sheet  Xo.  Y.  The  prominent  crest  of  this  anticlinal 
is  shown  by  the  contour  cm-ve  lines  drawn  along  the  floor 
of  the  Bennett  bed  at  Plymouth  and  those  drawn  along  the 
floor  of  the  Red  Ash  bed  in  the  Nottingham  and  Reynolds 
colliery  workings,  also  by  Sections  Nos.  11,  12,  13,  14,  and 
16  on  Cross-Section  Sheet  No.  III.  This  anticlinal  has  had  a 
very  imi)ortant  influence  upon  the  mining  of  coal,  particu- 
larly where  it  is  overturned  and  apparently  faulted  in  the 
Reynolds  and  Nottingham  colliery  workings.  Special  ref- 
erence will  be  made  to  this  part  of  the  anticlinal,  in  con- 
junction with  the  description  of  the  other  overturned  anti- 
clinals  which  have  already  been  referred  to,  and  which  are 
located  within  the  area  covered  by  the  mine  sheets  in  the 
Northern  Anthracite  Atlas,  Part  I. 


Chapter  IX. 

Description  of  the  Columnar  Structure  of  the  Coal  Meas- 
ures and  Coal-beds  containtd  in  that  portion  of  the  North- 
ern Coalfield  covered  by  Geological  and  Mine  Sheets^ 
Nos,  into  VIII^  inclusive. 

On  Columnar  Section  "Sheets  Nos.  I,  II,  III,  and  IV, 
(Plates  Nos.  10,  11,  12,  and  13  respectively,  "Atlas  North- 
ern Anthracite  Field,  Part  I,")  there  are  contained  sections 
of  the  coal  measures  and  coal-beds  in  the  Wyoming  field, 
from  Mill  Creek  on  the  east  to  Wanamie  and  Nanticoke  on 
the  west,  and  within  the  area  embraced  by  Mine  Sheets  Nos. 
Ill  to  VIII,  inclusive.  These  sections  have  been  constructed 
from  measurements  made  in  shafts,  in  tunnels,  and  from 
the  records  of  diamond  and  rope  drill  bore-holes.  Where 
the  shafts,  tunnels,  and  bore-holes  have  penetrated  the 
strata  perpendicular  to  their  bedding,  the  measurements 
obtained  represent  the  true  thicknesses  of  the  strata ;  where 
however  they  have  penetrated  the  strata  obliquely  to  the 
bed  planes,  the  measurements  obtained  are  in  excess  of  the 
true  thicknesses  of  the  strata. 

The  thickness  of  a  sedimentary  bed  is  always  understood 
to  be  the  distance  from  the  bottom  to  the  top  of  the  bed, 
measured  along  a  straight  line  perpendicular  to  the  plane 
of  either  face  of  the  bed. 

The  thicknesses  of  the  strata,  in  the  sections  on  the  sheets 
referred  to,  are  their  true  thicknesses,  as  thus  defined,  so 
that  all  measurements,  which  are  taken  obliquely  to  the 
bedding,  have  .been  reduced  to  perpendicular  thicknesses. 
In  order  to  permit  of  a  comparative  geological  study  of 
the  prominent  features  of  columnar  sections  it  is  abso- 
lutely necessary  to  publisli  them  in  this  way.  Difficulty  is 
however  oftentimes  experienced  in  making  a  ready  com- 
parison of  the  separate  parts  of  a  section  with  the  individ- 
ual strata  on  the  ground ;  for  instance,  the  top  of  the  Balti- 
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more  bed  in  the  Convn^ham  shaft  was  encountered  at  a 
depth  of  706'  T\  or  629'  5"  below  the  bottom  of  the  K  coal- 
bed,  which  is  the  first  bed  cut  by  the  shaft ;  the  l>ottora  of 
the  K  bed  in  the  shaft  being  77'  2"  below  the  top  of  the 
shaft.  The  actual  thickness,  however,  of  the  strata  included 
between  these  two  coal-beds  is  not  629'  5"  the  distance  be- 
tween them  in  the  shaft,  but  only  553'  5". 

From  this  illustration,  it  is  readily  perceived,  that  if  any 
mining  engineer  should  have  in  his  possession  the  columnar 
section  of  the  Conyngham  shaft  alone,  as  reduced  and  pub- 
lished on  Columnar  Section  Sheet  Xu.  I,  it  would  be  impos- 
sible for  him  to  descend  in  the  shaft  and  to  measure  down 
to  any  particular  stratum  which  he  might  wish  to  examine. 

To  acccmiplish  his  end  it  would  be  necessary  for  him  to 
accurately  measure  the  degree  of  dip  of  the  strata  in  the 
shaft,  and  from  the  true  thicknesses  of  the  strata  given  on 
the  Survey  sheet  compute  the  oblique  thickness  of  the 
strata  in  the  shaft.  In  order  to  prevent  such  an  embarrass- 
ing occurrence,  and  to  make  the  results  of  the  Survey  of 
the  greatest  practical  utility,  it  is  proposed  to  publish  in  a 
special  volume  of  Anthracite  Coal-field  sections,  the  original 
measurements  of  sections  made  in  tunnels  and  shafts ;  also 
the  original  records  of  bore-holes  from  which  the  reductions 
for. dip  were  made  by  the  Survey.* 

In  order  to  convey  to  the  reader  in  this  place  an  idea  of 
the  succession  of  the  coal-beds  within  the  Xorthern  Coal-field 
area,  particularly  sj^oken  of  in  this  report,  there  are  given 
l>elow  the  detail  records  of  selected  sections,  which  illus- 
trate the  thickness  and  character  of  the  coal  measures  and 
the  thickness  and  succession  of  the  coal-beds  contained 
within  the  limits  of  each  one  of  the  six  Northern  Coal-field 
Geological  and  Mine  Sheets  already  described.  These  sec- 
tions have  been  arranged  in  tabular  form.  The  measure- 
ments under  the  column  headed  ^' Thicknesses  vieasured 
rerlicnlly^'^  or  ''horizonlally^'^'^  as  the  case  may  be,  are  the 
thicknesses  actually  measured  in  shafts,  drill-holes,  and 
tunnels.  The  thicknesses  in  the  column  headed  ''''Perpen- 
dicular to  the  dip^'^  correspond  t©  the  thicknesses  recorded 

*See  the  sections  as  contained  on  the  Columnar  Section  sheets. 
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with  each  section  on  the  Columnar  Section  sheets.  Where 
there  is  no  dip  to  the  strata  in  shafts  and  drill-holes,  as  in 
the  case  of  the  Hanover  diamond  drill  bore-hole,  the  ver- 
tical and  perpendicular  thicknesses  are  necessarily  identi- 
cal. In  cases  where  tlie  strata  have  a  dip  of  90°,  the  thick- 
nesses measured  in  tunnels  would,  of  course,  be  the  true 
thicknesses  of  the  strata  perpendicular  to  the  bedding. 
Such  a  case  does  not,  however,  occur  in  the  Northern  Coal- 
tield. 

Columnar  Sections  to  Illustrate  the  Coal  Measures  on 

Oeological  and  Mine  Sheet  No.  HI. 


Section  of  No.  1  Shaft  from  Surface  to  a  depth  of  666'  1 

Susquehanna  Coal  Co. 

(Reported  by  Susqaehanna  Coal  Co.) 

No.  of  n^m^*mi^*j^*»        Thicknesses  meas-  Thicknesses  perpendic- 

strata           usserxpiion.         ured  vertically.  ular  to  dip. 

1.  Surface, 17'    0"  to    17'    0"  17'    0"  to    17'    0" 

2.  SheUy sands  .oue, Dip 

60  S.,               ....     8'    6"  to    20'    6"  8'    6"  to    20'    6" 

3.  SheHy  sandstone,      .    23'    6"  to    44'    0"  23'    4"  to    43'  10" 

4.  Soft  sandstone.  ...    86'    0"  to    80'    0"  35'  JO'  to    79'    8" 

5.  Fire-clay, 8'    6"  to    83'    6"  3'    6"  to    83'    2" 

6.  Coal 2'    6"  to    86'    0"  2'    6'"  to    85*    8" 

7.  Black  slate,      ....    18'    4'    to    99'    4"  13'    3"  to    98'  11" 

8.  Hard  sandstone,    .  .     4'    0"  to  103'    4"  4'    0"  to  102'  11" 

9.  Slate,                    ...     6'    0"  to  109'    4"  5'  11"  to  108'  10" 

10.  Diamond,  George, 
or  I  Bbd,      .   .          .     4'    6"  to  118'  lO*'  4'    6"  to  113'  4" 

11.  Slaty  sandstone  and 

iron  balls,             .   .   46'    6"  to  159'    4"  46'    2"  to  158'    6" 

12.  Hard  sandstone,    .   .   25'    0"  to  184'    4"  24'  10"  to  183'    4" 

13.  Micaceous  sandstone,  11     0"  to  195'    4"  10'  11"  to  194'    3" 

14.  Slate,      9'    0"  to  204'    4"  8'  11"  to  203'    2" 

16.  Coal, 1'    6"  to  205'  10"  1'    6"  to  204'    8" 

16.  Sla'e  and  slaty  sand- 

stone,        20'    3"  to  226'    1"  20'    1"  to  224'    9 ' 

17.  Coal  and  gas,    .   .   .           8"  to  226'    4"  3"  to  225'    0" 

18.  Slaty  sandstone,    .   .   25'    0"  to  251'    4"  24'  10  '  to  249'  10" 

19.  Hard  sandstone.    .  .    19'    7"  to  270'  11"  19'    6"  to  269'    4' 

20.  Slaty  sandstone  and 

slate, 17'    9"  to  287'  11"  16'  11"  to  286'    8" 


// 
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\n 


No.  of       Deseripiian,        Thickneaaea  meaaured 
atrata,  horizontally, 

2L  Obchabd,SlopkNo. 

4,  OR  H  Bed,    .  10'    2"  to  298' 

22.  Slate  and  slaty  sand- 

stooe, 24' 

23.  Coal,     

24.  Soa  slaty  sandstone,    10'    0''  to  832' 

25.  Firm  sandstone,    .  .    12' 

26.  Slate  and  sandstone,    22'    1"  to  366' 

27.  Fire-oiay,      4' 

28.  Hili.man,SlofbNo. 

2,  OR  G  Bed,    ...     8' 

29.  Fire-clay  and  slate,  .     2' 

30.  Firm  micaoeous sand- 

stone,       30' 

8L  Firm  slate, 15' 

32.  COAii  and  bone,    .  .     2' 

33.  Slate, 3' 

34.  Sandstone, 10' 

35.  Laitcbob4-Ft.  Bbd, 
(ooal,  bone,  and 
slate.) 5' 

36.  Klate,  sandstone,  and 
slate, 85' 

87.  COOFBB  OB  F  Bbd, 

(ooal,  bone,  and 
slate,) 10' 

38.  Slate,onrly  slate,ooa], 
and  slate, 8' 

39.  Sandy  slate,    ....    12' 

40.  Dark  sandstone,    .  .    17' 

41.  Bennbtt,  FoRaB,oB 
EBed, 6' 

42.  Slate, 3' 

43.  Short  fracture  sand- 
stone,    30' 

44.  CoAii,  dirt,  and  bone. 


Thickneaaea  per- 
pendicular to  dip* 

10'    1"  to  296'    4' 


"8 

o 

a 


o 
S 

a 


0"  to  822'  1" 

23' 

10" 

to  320' 

2" 

2"  to  322'  3" 

2" 

to  320' 

4" 

0'  to  832'  2" 

9' 

11" 

to  330' 

3' 

0"  to  344'  8" 

11' 

11" 

to  342' 

2" 

1"  to  866'  4" 

22' 

0" 

to  364' 

2" 

6"  to  870'  7" 

4' 

6" 

to  368' 

8" 

0"  to  878'  10" 

7' 

11" 

to  376' 

7" 

0"  to  880'  10" 

2' 

0" 

to  878' 

7" 

0"  to  410*  10" 

29' 

10" 

to  408' 

6" 

0"  to  425'  10" 

14' 

11" 

to  423' 

4" 

6"  to  428'  4" 

2' 

6' 

to  425' 

10" 

6"  to  481'  10" 

8' 

6" 

to  429' 

4" 

0"  to  441'  10" 

9' 

11" 

to  439' 

3" 

0"  to  446'  10" 

6' 

0" 

to  444' 

3" 

0"  to  481'  10" 

34' 

10" 

to  479' 

1" 

0"  to  491-  10" 

9' 

11" 

to  489' 

0" 

0"  to  499'  10' 

7' 

11" 

to  496' 

11" 

0"  to  611*  10" 

11' 

11'* 

to  508' 

10" 

8"  to  529'  01" 

17' 

2" 

to  526' 

0' 

9"  to  635'  10" 

6' 

9" 

to  532' 

9" 

0"  to  688'  10" 

3' 

0" 

to  585' 

9" 

6"  to  669'  4" 

80 

4" 

to  566' 

1" 

See  Columnar  Section  Sheet,  No.  IV,  and  Mine  Sheet  No.  II L 


8' 

0"  to 

66' 

0" 

7' 

11"  to 

66' 

8" 

5' 

0"  to 

61' 

0" 

4* 

11"  to 

60' 

7-' 

18' 

0"  to 

74- 

12' 

10"  to 

78* 

6*' 

14' 

6"  to 

88' 

6" 

14' 

4"  to 

87' 

9' 

5' 

6"  to 

94' 

0" 

6' 

6"  to 

93' 

2" 

8' 

0"  to 

97' 

0" 

2' 

11"  to 

96' 

1" 

80' 

6"  to  127' 

6" 

21' 

7"  to  117' 

8" 

6"  to  128' 

0" 

6"  to  118' 

2" 

17' 

0"  to  146' 

0" 

12' 

C"  to  180' 

2" 
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Section  of  No.  ^  Shafts  from  Surface  to  Red  Ash  Bed. 

Susquehanna  Coal  Co. 

(Reported  by  Siuquehanna  Goal  Co.) 

No.  of       Deseripiion.        Thicknesses  me<Mured        Thicknesses  per- 
siratci.  vertically.  pendieular  to  dip. 

1.  Wall  and  timbering,  28'    0"  to    28'    0 '       23'    0"  to    28     0" 

2.  Slate,  sandstone,  and 

slae,  26'    0"  to    48'    0"        24     9"  to    47'    9" 

8.  Cooper  or  F  Bbd. 

DipSoa,   .   . 
4.  Slate,    curly    slate, 

coal,  and  stone,    . 
6.  Sandy  slate,  .... 

6.  Dark  sandstone,  .  . 

7.  BbnnbttorEBed. 

DlplOOS.,    .  .  . 

8.  Slate, 

9.  Short  fracture  sand- 

stone, ... 

10.  Coal,  dirt,  and  bone, 

11.  Bard  bone  sandstone  17' 

12.  Fine   conglomerate. 

Dip  at  160'  460  N. 

W.,   .  .   .   .              66'  0 '  to  200'  0"  42'  1"  to  172'  8" 
18.  Hard     black    sand- 
stone,    42'  4"  to  242'  4"  82'  6"  to  204'  9" 

fM.  Coal, 6'  4"  to  248'  8"  6'  8"  to  211'  C" 

15.  Slate, .     6'  6"  to  266'  2"  6'  6"  to  217'  6" 

16.  Coal.    Dlp80S.K,    7'  2"  to  262'  4"  7'  1"  to  224'  6" 

17.  Slate, 19'  0"  to  281'  4"  18'  10"  to  248'  4" 

18.  Coal, 2'  4"  to  288'  8"  2'  4"  to  246'  8" 

19.  Slate  and  short  frac- 
ture sandstone,    .   80'  8"  to  814'  4"  80'  4"  to  276'  0" 

20.  Hard  quartz  rook,   .   22'  0"  to  886'  4"  21'  9"  to  297'  9" 

21.  Slate  and  short  frac- 
ture sandstone,    .   26'  4"  to  362'  8"  26'  1"  to  828'  10" 

22.  Firm  sandstone,  .  .   12'  0"  to  874'  8"  11'  11"  to  886'  9" 

28.  Coal,  2'    to  874'  10"  2"  to  836'  11" 
24.  Sandy  slate  and  hard 

sandstone,      ...    18'  10"  to  888'  8"  18'    8"  to  849'    7" 

26.  Close  hard  sandstone  16'    0"  to  408'  S"  14'  10"  to  364'    6" 

26.  Slate, 4'    6"  to  407'  8"  8'  11"  to  868'*  4" 

27.  Ross  OR  C  Bed.  Dip 
160, 6'    8"  to  418'  4"  6'    6"  to  873'  10" 

2&  Hard  sandstone,  .  .    12'    4"  to  426'    8"        11'  11"  to  886'    9" 

29.  Slaty  sandstone,  firm  17'    0"  to  442'    8"        16'    6'    to  402'    2" 
80.  8-FooT    Bed.      Dip 

120 ».,  .  ...     3'    0"  to  446'    8"         2'  11"  to  406'    1" 

31.  Slate  and  hard  bas- 
tard conglomerate,  63'    0"  to  498'    8"        61'  10"  to  466'  11" 
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No.  of       Description.        Thicknesses  measured 

Thicknesses 

per- 

strata. 

horizontally. 

petidicular  to 

dip. 

32.  Coal.  Dip  160  N.,  . 

8'    2"  to  601'  10" 

3 

1"  to  460' 

0" 

33.  Slaty  sandstone  and 

bastard   oonglom- 

erate,                 .  . 

88'    0"  to  539   10" 

87' 

2"  to  497' 

2" 

84.  Coal.    Dip  60  N.,  . 

2'    0"  to  541    10" 

2' 

0"  to  499' 

2" 

85.  Slate, 

5"  to  642'    3" 

6"  to  499' 

7" 

36.  Bastard  oonglomer- 

ate,                    .   . 

36'  11'    to  679'    4" 

36' 

9"  to  536' 

4" 

37.  Buck  Mountain  or 

B  Bbd, 

10'    0"  to  589'    2" 

10' 

0"  to  646' 

4" 

88.  Slate, 

18'    0"  to  6  2'    2" 

12' 

11"  to  659' 

8" 

89.  Red  Ash  Bbd,    .  . 

6'    0"  to  608     2" 

6' 

0"  to  566' 

3" 

See  Colamnar  Section  Sheet, 

No.  IV,  and  Mine  Sheet, 

No.  IIL 

Columnar  Section  to  illustrate  the  Coal  Measures  on  Geo- 
logical and  Mine  Sheets  No.  IV. 


Section  of  Hanover  Diamond  Drill  Bore  hole  from  Surface 

to  Conglomerate. 

L.  &  TF  B.  C.  Co, 

(Reported  by  L.  A  W  B.  C.  Co.) 


No.  of 

Description. 

Thicknesses  measured 

Thicknesses 

pcr- 

strata. 

horizontally. 

pendieular  tc 

» dip. 

1. 

Yellow  clay,     . 

• 

3' 

0" 

to      3' 

0" 

3' 

0" 

to      3' 

0" 

2. 

Quicksand,    .   . 

• 

9' 

0" 

to    12' 

0" 

9' 

0" 

to    12' 

0" 

3. 

Sandstone,  dip 

fiat. 

88' 

0" 

to    50' 

0" 

38' 

0" 

to    50 

0" 

4. 

Slate,      .... 

9' 

0" 

to    59' 

0" 

9' 

0" 

to    59' 

0" 

5. 

Sandstone,     .  . 

17' 

0" 

to    76' 

0" 

17' 

0" 

to    76' 

0" 

6. 

Rib  slate,   .  .   . 

20' 

0" 

to    96' 

0" 

20' 

0" 

to    96' 

0" 

7. 

COAIi  BED,      .    . 

4' 

0" 

to  100' 

0" 

4' 

0" 

to  100' 

0" 

& 

Slate,          .  .  . 

14' 

0" 

to  114' 

0" 

14' 

0" 

to  114' 

0" 

9. 

COAIi  BED,      .    . 

6' 

0" 

to  120' 

0'' 

6' 

0" 

to  120' 

0" 

10. 

Slate, 

2' 

0" 

to  122' 

0" 

2' 

Qf 

to  122' 

0' 

11. 

Sandstone,    .  . 

24' 

0" 

to  146' 

0" 

24' 

0" 

to  146' 

0" 

12. 

Slate,    .      ... 

27' 

0" 

to  173' 

0" 

27' 

0" 

to  173' 

0" 

13. 

Sandstone,     .  . 

20 

0" 

to  193' 

0" 

20' 

0" 

to  193' 

0" 

14. 

Slate, 

10' 
3' 

0" 
0" 

to  203' 
to  206' 

0" 
0" 

10' 
3' 

0" 
0' 

to  203' 
to  206' 

0" 

16. 

Coal  BED,     .  . 

0'' 

16. 

Slate,              .   . 

8' 

0" 

to  209' 

0" 

3' 

0" 

to  209' 

0" 

17. 

Gray  sandstone, 

12' 

0" 

to  221' 

0" 

12' 

0" 

to  221' 

0" 

18. 

Dark  sandstone. 

• 

25' 

0" 

to  246' 

0" 

25' 

0" 

to  246' 

0" 

19. 

Dark-gray  sandstone 

29' 

0" 

to  275' 

0" 

29' 

0" 

to  275' 

0" 

20. 

Slate,       .... 

• 

• 

8' 

0" 

to  278' 

0" 

8' 

0" 

to  278' 

0" 

21. 

Coal  bed,     .  . 

• 

• 

P' 

6' 

to  287' 

6' 

9' 

6" 

to  287' 

6" 

Aslihurner.']  anthracite  kegion.  chap.  ix. 
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No.  of 

DeaeriptUm. 

Thicknesses  measured 

ThirJcnesses 

per- 

strata. 

horizontally. 

pendieutar  to  dip 

22. 

Slate,    

.  .    52' 

6"  to  340' 

u" 

52' 

6"  to  340' 

0" 

23. 

Sandstone,     .  . 

.   .    10' 

0"  to  350' 

0" 

10' 

0"  to  350' 

0" 

24. 

Slate, 

.   .    12' 

0"  to  862' 

0" 

12' 

6"  to  362' 

0" 

25. 

COAIi  BED,     .    .    . 

.     9' 

0"  to  371' 

0" 

9' 

0"  to  871' 

0" 

26. 

Slate,             .  .  . 

.      2' 

0"  to  873' 

0" 

2' 

0"  to  373' 

0" 

27. 

Sandstone,     .  .  . 

.     3' 

0"  to  876' 

0" 

3' 

0"  to  376' 

0" 

28. 

IJgbt-blue  slate, 

.   .    80' 

0"  to  456' 

0" 

80' 

0"  to  456' 

0" 

29. 

Coal  bed,     .  .  , 

.   .     8' 

6"  to  464' 

6" 

8' 

6"  to  464' 

6" 

80. 

Slate,    

.    14' 

6"  to  479' 

0" 

14' 

6"  to  479' 

0" 

81. 

Gray  sandstone,  . 

.120' 

0"  to  599' 

0" 

120' 

0"  to  599' 

0" 

32. 

Slate, 

4' 

0"  to  603' 

0" 

4' 

0"  to  603' 

0" 

88. 

Coal  bed,     .  .  . 

.   .      3' 

0"  to  606' 

0" 

3' 

0"  to  606' 

0" 

84. 

Slate,          ... 

16 

0"  to  622' 

0" 

16' 

0  '  to  622' 

0" 

85. 

CoAii  bed,     . 

2' 

0"  to  624' 

0" 

2' 

0"  to  624' 

0" 

86. 

Slate 

3' 

0"  to  627' 

0" 

8' 

0 '  to  627' 

0" 

37. 

Rough    Kmy    sai 

ad- 

stone,    .... 

.   .    22' 

0"  to  649' 

0" 

22' 

0'  to  649' 

0' 

88. 

White  pebbles,    . 

.     2' 

0"  to  661' 

0" 

2' 

0"  to  651' 

0' 

39. 

Slate, 

.      2' 

0"  to  653' 

0' 

2' 

0"  to  653' 

0" 

40. 

Rough  sandstone, 

.   24' 

0"  to  677' 

0" 

24' 

0"  to  677' 

0" 

41. 

Fine  graj'  sandsto 

ne,    V 

0"  to  684' 

0" 

7' 

0"  to  684' 

0" 

42. 

Slate,    .   . 

.     4' 

0"  to  688' 

0" 

4' 

0"  to  688' 

0" 

43. 

Fin  e  gray  sandstoi 

ne,  23' 

0"  to  711' 

0" 

23' 

0"  to  711' 

0' 

44. 

White  spar,  .  .  . 

.     2' 

0"  to  713' 

0" 

2' 

0"  to  713' 

0" 

45. 

Fine-grained  san 

d- 

stone, 

.  .     6' 

0"  to  719' 

0" 

6' 

0"  to  719' 

0" 

46. 

Conglomerate,  .  , 

.   36' 

0"  to  755' 

0" 

86' 

0"  to  755' 

0" 

Hee  Columnar  Section  8h 

eet.  No 

.  lY,  and  Mine  Sheet, 

No.  IV. 

Columnar  Section  to  illustrate  the  Coal  Measures  on  Geo- 
logical and  Mine  Sheets  No.  V. 


Section  of  Plymouth  Shafts  No.  ^,  and  Rope  Drill  Bore- 
hole  from  Surface  tUrough  Red  Ash  Bed. 

D.  &  H.  C.  Co. 

(Reported  by  D.  A  H.  C.  Co.) 

No.  of        Description,  Thicknesses  measured        Thicknesses  per- 

strata,  vertically.  pendicular  to  dip, 

1.  Soil  and  clay,  .  . 

2.  Hutchison  bed, 

3.  Soil  and  clay, 

4.  Sandstone  and  slate  85 
6.  Coal,  dip  10°  S.,  . 

6.  Slate, 7' 

7.  Lance  bed,    .  . 


60' 

0" 

to    60' 

0" 

60' 

0"  to    60' 

0" 

6' 

6" 

to    66' 

6" 

6' 

5"  to    66' 

5' 

4' 

6" 

to    71' 

0" 

4' 

5"  to    70' 

10" 

85' 

0" 

to  156' 

0" 

83' 

8"  to  154' 

6" 

2' 

6" 

to  158 

6" 

2' 

6"  to  157' 

0" 

V 

6" 

to  166' 

0" 

V 

5"  to  164' 

5" 

6' 

6" 

to  172' 

6 

6' 

5"  to  170' 

10" 

428  GEOLOGICAL  SURVEY  OF  PENN'a,  1885. 

No,  of       Description.        Thicknesses  measured        Thicknesses  per^ 
strata.  horilontalty.  pendicular  to  dip. 


8.  Sandstone  and  slate 

35' 

0" 

to  207' 

8" 

34' 

6" 

to  205' 

3" 

9.  Coal, 

8" 

to  208' 

2" 

8" 

to  205' 

11" 

10.  Sandstone  and  slate  41' 

3" 

to  249' 

6" 

40' 

6" 

to  248' 

5" 

11.   HlLT^MAN  BSD,       . 

10' 

7" 

to  280' 

0" 

10' 

6" 

to  258' 

10" 

12.  Sandstone,       .   .  . 

31' 

7" 

to  291' 

7" 

29' 

1' 

to  285' 

11" 

13.  Coal., 

1' 

8" 

to  293' 

1" 

1' 

8" 

to  287' 

6" 

14.  Slate, 

7' 

0' 

to  300' 

1" 

8' 

ir' 

to  294' 

4" 

15.  «»G"BBD,     .    . 

11' 

b" 

to  311' 

8" 

11' 

3" 

to  805' 

7" 

16.  Slate  and  sandstone 

14' 

2" 

to  825' 

8" 

13' 

10" 

to  319' 

6" 

17.  Sandstone  and  slate 

79' 

10" 

to  405' 

8" 

79' 

4" 

to  398' 

9" 

18.  Coal, 

2' 

0" 

to  407' 

8" 

2' 

0" 

to  400' 

9" 

19.  Slate, 

21' 

3" 

to  42b' 

9" 

20' 

11" 

to  421' 

8" 

20.  Five-foot  OR  "F  " 

BED,              .... 

8' 

9^" 

1o  435' 

8i" 

8' 

7" 

to  428 

3" 

2L  Sandstone,       .   .  . 

18 

10" 

to  452' 

4i" 

18' 

7" 

to  444' 

10" 

22.  Cooper  bed,     .  . 

9' 

7" 

to  481' 

Hi" 

9' 

4' 

to  454' 

2'.' 

23.  Slate,                   .   . 

3' 

11" 

to  465' 

lOi" 

3 

9" 

to  457' 

IL" 

24.  Hard  sandstone,    . 

127' 

10" 

to  593' 

8|" 

12o' 

9" 

to  583' 

8" 

23.  Bennett  bed,  .  . 

18' 

3^" 

to  810' 

0" 

15' 

9" 

to  599' 

5" 

28.  Fire-clay,         .   . 

14' 

i" 

to  824' 

i" 

13' 

9" 

to  818' 

2" 

27.  Slated  tire-clay,     . 

14' 

7|" 

to  838' 

8" 

13' 

7" 

to  826' 

9" 

28.  Sandstone,    .   . 

9' 

10" 

to  848' 

8" 

9'- 

8" 

to  628' 

6" 

29.  Slate,                    .   . 

14' 

lOi" 

to  863' 

4i" 

14' 

7' 

to  851' 

0" 

30.  <«  D  "  OR  Ross  BED, 

3' 

0" 

to  688' 

41" 

2' 

11" 

to  853' 

11" 

31.  Black  slate,     . 

2' 

4" 

to  868' 

8i" 

2' 

3" 

to  856' 

2" 

32.  Hard  sandstone,    . 

25' 

9" 

to  694' 

5i" 

25' 

6" 

to  881' 

8" 

33.  Slate,     .  .      .      . 

2' 

0" 

to  898' 

5A" 

1' 

11" 

to  683' 

7" 

34.  Soft  sandstone,  .   . 

8' 

9" 

to  700' 

21" 

8' 

8" 

to  687' 

3" 

35.  Slate  and  flre-clay, 

2' 

0" 

to  702' 

21" 

1' 

11'' 

to  689' 

2" 

38.  CoAii,               .  .   . 

2' 

2" 

to  704' 

41" 

2' 

1" 

to  891' 

3" 

37.  Hard  slate,  .... 

11' 

4" 

to  715' 

81" 

11' 

2" 

to  702' 

5" 

38.  Soft  sandstone,  .  . 

8' 

9" 

to  724' 

5i" 

8' 

7' 

to  711' 

0" 

39.  Hard  sandstone,    . 

13' 

75" 

to  738' 

1" 

13' 

6" 

to  724' 

6" 

40.  Slate,                .   .   . 

1' 

7" 

to  739' 

8" 

1' 

6" 

to  726' 

0' 

41.  Soft  sandstone,   .   . 

1' 

3\' 

to  740' 

iiV 

1' 

2" 

to  727' 

2" 

42.  Hard  sandstone,   . 

28' 

61" 

to  789' 

6" 

28' 

3" 

to  755' 

5" 

43.  Very   hard    sand- 

stone,     

17' 

0" 

to  788' 

8" 

16' 

10" 

to  772' 

3" 

44.   »<  C  "  BED,         .    .    . 

9' 

10" 

to  798' 

4" 

9' 

7" 

to  781' 

10" 

46.  Fire-clay  with  iron 

balls, 

24' 

8i" 

to  821' 

i" 

24' 

7" 

to  806' 

5" 

48.  Slate,                .   .  . 

6' 

4i" 

to  828' 

43" 

5' 

3" 

to  811' 

8" 

47.  Soft  sandstone,   .  . 

4' 

7i" 

to  831' 

0" 

4' 

8" 

to  818' 

2" 

48.  Sandstone,  .   .   . 

16' 

71" 

to  847' 

7|" 

18' 

4' 

to  832' 

6" 

49.  "B"oB  Red  Ash 

BED,             .... 

23' 

8' 

to  871' 

3^" 

23' 

3" 

to  855' 

9" 

50.  Sandstone,      .   .  . 

10' 

0" 

to  881' 

3i" 

9' 

10" 

to  865' 

7" 

See  Colamnar  Section  Sheet,  No.  Ill,  and  Mine  Sheet,  No.  V. 
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Columnar  Sections  to  Illustrate  the  Coal  Measures  on 

Geological  and  Mine  Sheet  No,  VL 


Section  of  Stanton  {No.  7)  Shaft  from  Surface  through  Coal 

Bed  at  697'  1"  to  Hard  Rock  732'  6'\ 

L.  &  W,  B.  a  Co, 

(Reported  by  L,  A  W.  R  C.  Co.) 

No.  of        Description,        Thicknesaea  measured        Thicknesses  per- 
strata,  vertically.  pendicular  to  dip. 


1.  Cribbing,       .... 

81' 

0"  to    81' 

0" 

31' 

0'-  to    81' 

0" 

2.  Sandstone,  dip90  a, 

14' 

0"  to    45' 

0" 

18' 

10"  to    44' 

10" 

S.  Slate,           

8 "  to    45' 

8" 

0' 

8"  to    45' 

1" 

4.  Sandstone, 

23' 

9"  to    69' 

0" 

28' 

5"  to    68' 

6" 

5.  Black  slate,  .... 

9' 

0''  to    78' 

0" 

8' 

11"  to    77' 

6" 

6.  Coal  BSD, .  .  .  .  ^ 

7.  Dirt  and  slate,  .  .   > 

12' 

8"  to    90' 

8" 

12' 

V  to    90^ 

0" 

8.  COALBBD,  .    .    .    .    ) 

• 

9.  Soft  sandstone,     .  . 

8' 

4"  to    99' 

0" 

8' 

8"  to    98' 

8" 

10.  Gray  slate, 

4' 

0"  to  103' 

0" 

8' 

11"  to  102' 

2" 

11.  Hard  rook,    .... 

1 

0"  to  101' 

0" 

1' 

0"  to  103' 

2" 

12.  Soft  sandstone  and 

sand  mixed,  .  .  . 

49' 

0"  to  168' 

0" 

48' 

5"  to  151' 

7" 

13.  Seven-foot  bed,  . 

5' 

6  "  to  158' 

6" 

5' 

6"  to  167' 

1" 

14.  Sandstone, 

6' 

6"  to  165' 

0" 

6' 

5 '  to  168' 

6" 

16.  Slate 

18' 

0"  to  178' 

0" 

12' 

10"  to  176' 

4" 

16.  Fire-clay,    ... 

2' 

0"  to  180' 

0" 

2' 

0"  to  178' 

4" 

17.  Gray  slate,     .... 

10' 

0"  to  190' 

0" 

9' 

10"  to  188' 

2" 

18.  Sandstone,     .... 

11' 

0"  to  201' 

0" 

10' 

10"  to  199' 

0" 

19.  Slate  and  fire-clay, 

22' 

0'    to  223' 

0" 

21' 

9"  to  220' 

9" 

20.  Sandstone,     .... 

1' 

0"  to  224' 

0" 

1' 

0"  to  221' 

9" 

21.  Slate, 

2' 

0"  to  226' 

0' 

2' 

0"  to  228' 

9" 

22.  Fire-clay, 

1' 

0"  to  227' 

0" 

1' 

0"  to  224' 

9" 

28.  Coal,      ...... 

2' 

0"  to  229' 

0" 

2' 

0"  to  226' 

9" 

24.  Son  slate, 

8' 

0"  to  287' 

0" 

7' 

11"  to  284' 

8" 

25.  Hard  sandstone,     . 

24' 

0"  to  261' 

0" 

23' 

8"  to  268' 

4" 

26.  Slate, 

4' 

0"  to  265' 

0" 

8' 

11"  to  262' 

8' 

27.  Fire-clay, 

1' 

0"  to  266' 

0" 

1' 

0"  to  263' 

8" 

28.  Kidney  bed,  .  .  . 

5"  to  271' 

0" 

4' 

11"  to  268' 

2" 

29.  SUte, 

6"  to  271' 

6" 

0' 

6"  to  268' 

8" 

80.  Sandstone  and  slate 

mixed, 

27' 

6"  to  299' 

0" 

27' 

2"  to  295' 

10'' 

81.  Sandstone, 

28' 

0"  to  827' 

0" 

■   27' 

8"  to  323' 

6" 

82.  Fire-clay, 

1' 

0"  to  328' 

0" 

1' 

0"  to  324' 

6" 

88.  HlIiLMAN  BED,     .    . 

6' 

8"  to  834' 

8" 

6' 

7"  to  331' 

1" 

81.  Soft  sandstone,     .  . 

14' 

6"  to  349' 

2" 

14' 

4"  to  345 

6 

85.  Hard  sandstone,  .   . 

88' 

0"  to  382 

2" 

82' 

7"  to  378' 

0" 

36.  Slate, 

2' 

0"  to  881' 

2" 

2' 

0"  to  330' 

0" 
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No.  of       Description.        Thicknesses  measured 
strata.  horizontally. 

37.  BonB  and  Blate,    .  .  S'  0"  to  887' 

38.  Slate, 8'  0"  to  890' 

39.  LODOMBNT  BED,      .  7'  0"  to  897' 

40.  Soft  sandstone,  dip 


2" 
£" 
2" 


46«N.,    .   .    . 

41.  Hard  sandstone, 

42.  Gray  slate,     .   . 

43.  COAli  BED,      .    . 

44.  Sandstone,  .  .   . 

45.  Slate,    .... 

46.  Sandstone,  .  .  . 

47.  Soft  gray  slate,  . 

48.  Hard  sandstone, 

49.  Slate,        .... 

50.  Sandstone,  ,  .   . 

51.  Black  slate,    .  . 

52.  Dark  sandstone, 

53.  Fine  black  slate, 

54.    COAIiBED, 

55.  Slate, 

56.  Sandstone, 

57.  Slate,       .   . 

58.  Sandstone, 

59.  Slate,    .  .   . 

60.  Sandstone, 

61.  Dark  slate, 

62.  Sandstone, 

63.  Black  slate, 

64.  Sandstone, 

65.  Soft  dark  pandstone, 

66.  Soft  slate, 

67.  Bone  (Rider,)  . 

68.  Fire-clay,    .  .   . 

69.  Baltimore  bed, 

70.  Hard  sandstone, 

71.  Black  slate, 

72.  Coal,   .   .   . 

73.  Black  slate, 

74.  Fire-clay, 


10'    0"  to  407' 


58' 
15' 

7' 
11' 
11' 
21' 

6' 


6"  to  465 
0"  to  480' 
5"  to  488' 
0"  to  499' 
0"  to  510' 
0"  to  531' 
0"  to  586' 

50'    0"  to  586' 
2'    8"  to  588' 

10'  0"  to  598 
0"  to  603' 
0"  to  624' 
1"  to  638'  10" 
7"  to  641'  5" 
0"  to  647'  5" 
0"  to  648'  6" 
0"  to  654'  5" 
0"  to  693'  6" 
6"  to  694'  11" 


5' 

21' 

9' 

7' 


2' 

8" 
8" 
1" 
1" 
1" 
1" 
1" 
1" 
9" 
9" 
9" 
9" 


6' 
1' 
6' 
39' 
1' 


8' 
6' 
6' 


8'  8"  to  698' 
16'  8"  to  716' 
3'  0"  to  718' 
3"  to  726' 
9  '  to  783' 
0"  to  738' 
6"  to  739' 
0"  to  740' 
0"  to  74-' 
4"  to  765' 
4"  to  819' 
6"  to  824' 


1 

1' 

2' 

21' 

54' 

5' 


7" 
3" 
3" 
6" 
3" 
3" 
9" 
9" 
9" 
1" 
5" 
11" 


3'  0"  to  827'  11 ' 
1'  8"  to  829'  7" 
V    7"  to  837'  2" 


Thicknesses  per- 
pendicular to  dip. 

8'  0"  to  383'  0" 

3'  0"  to  386'  0" 

6'  11"  to  392'  11" 


7' 
41' 
10' 

5' 

I 

7' 


1"  to  400'  0" 
4"  to  441'  4" 
7"  to  451'  11" 
3"  to  467'  1" 
9"  to  464'  11" 


8" 

6" 
0" 
4" 
8" 
4" 


9"  to  472' 

14"  10'  to  487' 

3  6"  to  491' 

85'  4"  to  526' 

1'  11"  to  628' 

V    1"  to  535' 

8'  6"  to  688'  10" 

14'  10"  to  553'  8" 

6'  5"  to  660' 

6'  5"  to  566' 

3"  to  669' 

8"  to  670' 

3"  to  674' 

7"  to  602' 

1"  to  603' 


4' 
0' 
4' 

27' 
1' 
2' 

14' 
2' 
6' 
4' 
3' 
1' 
0' 
1' 

15' 

38' 


1" 
6" 
9" 

6" 
8" 

3/ 

4" 


7"  to  605'  11" 


2"  to  620' 
1"  to  622' 
10"  to  628' 
9"  to  682' 
6"  to  636 
1"  to  637' 
8"  to  638' 
6"  to  639' 
9"  to  656' 
5"  to  693' 
3'  11"  to  697' 
2'  1"  to  699' 
1'  2"  to  7ro' 
6'  4"  to  706'  1" 
26'  10"  to  782'  11" 


1" 
2" 
0" 

9" 
8" 
4" 
0" 
6" 
2" 
7" 
6" 
7" 
9" 


75.  Rock, 8S'    0"  to  875'    2" 

See  Columnar  Section  Sheet,  No.  II,  and  Mine  Sheet,  No.  VL 
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Section  of  Empire  Shaft  No,  ^  Inside  Tunnel  from  Hill- 

man  Bed  to  Bed  AsJi  Bed. 

L.  &  W.  B.  a  Co. 

(Measured  by  Geological  Survey.) 

No.  of       Description.        Thicknefsea  measured  Thicknesses  per* 

strata.                                       horizontally,  pendicular  to  dip. 

1.  HlIiliM AN    BBD,  .    . 

2.  Sandstone,  dip  56^ 

N., 40'  11"  to    40'  11"  21'  0"  to    21'  0" 

8.  Slate, 2'  4"  to    43'    3"  1'  2"  to    22'  2" 

4.  Coal  bbd,    ....     8'  2"  to    46'    5"  2'  0"  to    24'  2" 

6.  Slate, 11'  1"  to    57'    6"  6'  0"  to    80'  i." 

6.  Sandstone,     ....   60'  9"  to  118'    3"  30'  0"  to    60'  i" 

7.  Slate, 10'  5"  to  128     8"  5'  8"  to    65'  6" 

8.  Goal  BED,  dip  80O 

N., 10'  0"  to  138'    8"  4'  9"  to    70'  2" 

9.  Slate, 11"  to  189'    7"  1'  0"  to    71'  2" 

10.  Sandstone,     ....    45'  1"  to  184'    8"  80'  0"  to  101'  2" 

11.  Slate,  dip  42°  N.,    .     1'  6"  to  186'    1"  1'  6"  to  102'  8" 

12.  Sandstone,     ....  186'  1"  to  322'    2"  111'  0"  to  213'  8" 

13.  Slate, 1'  10"  to  324'      •  2'  6"  to  216'  1" 

14.  Coal  bed, 6'  4"  to  329'    4"  4'  1"  to  220'  2 " 

15.  Slate, 1'  0"  to  330'    4"  1'  0"  to  221'  2" 

16.  Sandstone,     ....   67'  10"  to  398'    2"  49'  0"  to  270'  2" 

17.  Slate 6'  0"  to  403'    2"  3'  6"  to  273'  8'' 

18.  Dark  sandstone,  .   .   27'  6"  to  430'    8"  14'  10"  to  288'  6" 

19.  Baltimore  bed,  .  17'  9"  to  448'  5"  17'  2"  to  306'  8" 
2a  Slate,dip460N.,  .   ,' 66'  3"  to  514'    8"  47'  6"  to  863'  2" 

21.  Sandstone,  with  oon- 

glomerate,  Ac,    .   47'  0"  to  661'    8"  18'  0"  to  371'  2" 

22.  Hard  sandstone.        111'  6"  to  673'    1"  43'  10"  to  416'  0" 

23.  Coal  bed,  dip  20^ 

N 19'  7"  to  692'    8"  6'  8"  to  420'  8" 

24.  Slate, 8'  9"  to  701'    5"  3'  0"  to  423'  8" 

25.  Hard     slaty    sand- 

stone,    44'  3"  to  745'    8"  17'  9"  to  441'  L" 

26.  Coal  bed,  dip,  180 

N., 19'  6"  to  765'    2"  1'  3"  to  442'  8" 

27.  Slate, 22'  6"  to  787'    8"  7'  6"  to  460'  2" 

28.  Sandstone  with  con- 

glomerate,    .   .   .  144'  4"  to  932'  46'  6"  to  495'  8" 

29.  Hard  sandstone  with 

conglomerate,  dip 

180  N.,     .   .   .       .    60'  1"  to    992'    1"  18'  6"  to  614'  2" 

80.  Hard  slate,  ....  1'  0"  to  993'  1"  1'  0"  to  515'  2" 
31.  Fine   conglomerate, 

dip  260, 97'  4"  to  1C90'    5"  41'  10"  to  557'  0" 

82.    Ross  bed,    ....    20'  8"  to  lUo'    8"  7'  1"  to  564'  1" 

88.    Slate, 16  9"  to  1126'    5"  4'  6"  to  668'  7" 
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No,  of       Description.        Thicknesses  mecuured 
strata.  horizontally. 

34.  Hard  sanditoney  dip 

180  N., 188' 

35.  Slate,  ....   80' 

36.  Red  Abh  bbd,  (top 

BBNCH.)  .    21' 

87.  Slate,  dip220N.,    .   28' 

88.  EUird  aaadatone,  .  .   43' 

89.  RBD  Abh  BBD,r  BOT- 
TOM BBEfCH,)    .    .    28' 

See  Columnar  Sheet  No.  II  and  Mine  Slieet  No.  VIII. 


Thicknesses  per- 
pendicular  to  dip. 


3"  to  1809' 

8" 

56' 

0" 

to  624' 

7" 

11"  to  1840' 

7" 

9' 

9" 

to  634' 

4" 

1"  to  1361' 

8" 

8' 

4" 

to  642' 

8" 

0"  to  1889 

8' 

11' 

0" 

to  653' 

8' 

6"  to  1413' 

2" 

12' 

1" 

to  663' 

9" 

6"  to  1461 

8" 

18' 

11" 

to  679' 

8" 

Columnar  Section  to  Illustrate  the  Coal  Measures  on  Oeo- 

logical  and  Mine  Sheet  No,  VII, 


Section  of  Kingston^  No,  3,  Shafts  from  Surface  to  Ben 

nett  Bed. 

K,  a  Co, 


No.  of 
strata. 

1. 

2. 

8. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
18. 

14. 
15. 
16. 
17. 
18. 
19. 


(Reported  by  Kingston  Goal  C/O.) 

Description.        Thicknesses  measured        Thicknesses  per- 
pendicular to  dip. 


vertically. 

Loam, 11'    0"  to    11 

Sandstone,  dip,  80  S.,  82'    0"  to    43 


OBGHA.RD  BBD, 

Sandstone,   . 

LANOB  BBD, 

Sandstone,  . 
Cooper  bed, 
Slate,  .  . 
Bennett  bed 
Fire^slay,     . 
Sandstone,  . 
CoAii  bed,   . 
Sandstone  and 

of  ore,  .  . 
Slate,  .... 
Coal,  .  .  . 
Sandstone,  . 

Slate 

Coal,    .  .  . 
Sandstone,  . 


balU 


4' 
98' 

7' 
76' 

7' 
22' 
14' 

6' 
31' 

6' 

20' 
25' 

2' 
43' 
23' 

2' 
18' 


0"  to  47 
0"  to  145 
0"  to  152 
0"  to  22S 
4"  to  235 
0"  to  257 
0"  to  271 
0"  to  276 
6"  to  307 
8"  to  813 

0"  to  333 
6"  to  359 
0"  to  361 
6"  to  404 
0"  to  427 
6"  to  430* 
6"  to  443' 


0" 
0" 
0" 

0" 
0" 
0" 

4" 
4" 
4" 
4" 
10" 
6" 

6" 
0" 
0" 
6" 
6" 
0" 
6" 


11'  0"  to  11' 
31'  6"  to  42' 

3'  ir  to  46' 
96'  11"  to  148' 

6'  11"  to  150' 
75'  2"  to  225' 

7'  3"  to  232' 
21'  9"  to  254' 
13'  10"  to  268' 

4'  11"  to  273' 
31'  2"  to  304' 


0" 
6" 

6" 

4" 

3" 

5" 

8" 

5" 

8' 

2" 

4" 


5'  7"  to  809'  11 


11 


19' 
25' 

1' 
43' 
22' 

2' 
13' 


10"  to  829'  9" 
3"  to  855'  0" 

11"  to  856'  11" 
0"  to  899'  11" 
9"  to  422'  8" 
6"  to  425'  2" 
4"  to  438'  6" 
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No.  of       Description,        Thickneaaes  measured        Thickneeeea  per- 
strata.  horizontally.  pendicular  to  dip. 

20.  Ross  BED, 9'  0"  to  452'  6"  8'  11"  to  447'  5" 

21.  Fire-olay,      4'  0"  to  466'  6"  3'  11"  to  461'  4' 

22.  Slate,      24'  0"  to  480'  6"  28'    9"  to  476'  1" 

23.  Sandstone, 43'  0 '  to  628'  6"  42'    6"  to  617'  7  ' 

24.  Slate,                ....  11'  0"  to  534'  6"  10'  10"  to  628'  6 ' 
26.  Red  Ash  bed,  7'  0"  to  641'  6"  6'  11"  to  686  4 

See  Columnar  Section  Sheet  No.  Ill  and  Mine  Sheet  No.  YII. 


Columnar  Sections  to  illustrate  the  Coal  Measures  on  Geo- 
logical and  Mine  Sheets  No.  YIII. 


Section  of  Conyngham  Sha^t  and  Hope  Drill  Bore-hole 
from  Surface  to  78'  9"  below  the  Red  Ash  Bed. 

D.  &.  H.  C.  Co. 

(Reported  by  D.  A  H.  C.  Co.) 

No.  of       Description.        Thicknesses  measured        Thicknesses  per- 
strata.  vertically.  pendicular  to  dip, 

1.  Masonry, 21'    6 '  to      21     6        21     6    to    21     6 

2.  Pine  sandstone,  .  .     8'    6"  to     26'    0         8'    8"  to    24'    9 

3.  Fine  sandstone,  dip 

240N., 20'    9"  to      45'    9"      18'  11"  to    43'    8' 

4.  Fine  slate, 12'    3"  to      58'    0"      11'    3"  to    64'  11' 

6.  Sandstone, 7     7"  to      85'    7"        6    11'    to    61'  10'' 

(  6.  Coal,  dip,  i^o  N.,      3'    8"  to      69'    3"       3     7"  to    65'    6" 

7-  Slate  rook, 3'    7"  to      72'  10"        3'    6"  to    68'  11' 

^8.  Coal  and  slate,  dip, 

18JON., 4'    4"  to      77'    2"        4'    1"  to    78'    0 

9.  Slate  rock, 15'    0"  to      92'    2"      14'    3"  to    87'    8 

10.  Sandstone,  dip,  160 
N., 20'    6"  to    112'    8"      19'    8"  to  106'  11" 

11.  Pebble  rock,  dip,llo 
N., 11'     1"  to    123'    9"      10'  10"  to  117'    9" 

12.  Black  sandstone,dip, 
no  N 13'    0"  to    136'    9"      12'    9"  to  130'    6'       ' 

18.  Slate  rock,  dip,  lio 

N., 3'    2"  to    139'  II"        3'    1"  to  133'    7" 

14.  J.  Seven- Foot  or 

ABBOTT  BED,  .   .     4'    7"  to    144'    6"        4'    6"  to  138'    1' 
16.  Slaty  sandstone,  dip, 

320  N., 60'    5"  to    204'     1"      51'    3"  to  189'    4 

16.  Pebble  rook,  .  ...    12'    2'   to    217     1'       10'    3"  to  199'    7 

28 
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No,  of       Description,        Thicknesses  measured 
strata,  horizontally, 

17.  Gray  sandstone,  dip, 

28^0  N., 16'    6"  to    288'    7' 

18.  I.KidneyorBowk- 


Thicknesses  per- 
pendicular  to  dip. 


15'    2"  to  214'    9 


fi 


LET  BED 

5' 

0"  to 

288' 

7" 

4' 

7"  to  219' 

4" 

19.  Slate, 

18' 

2"  to 

256 

9" 

16' 

7"  to  285' 

11" 

20.  Pebble  rook,     .  .  . 

81' 

2"  to 

287' 

11" 

28' 

6"  to  264' 

5" 

21.  Blaok  slate,    .... 

7' 

8"  to 

295' 

2' 

6' 

7"  to  271' 

0" 

22.  H.      OB      HlIiliMAN 

■ 

BED, 

17' 

5"  to 

812' 

7" 

15' 

11'    to  286' 

11" 

28.  Slate  roof, 

8' 

2"  to 

820' 

9" 

7' 

6"  to  294' 

4" 

24.  Pebble  rook,  .... 

56' 

2'    to 

875' 

11" 

50' 

6"  to  844' 

10" 

25.  Blaok  slate,  dip,  51o 

N 

1' 

8"  to 

877' 

2" 

9"  to  845' 

7" 

26.  Pebble     rook,    dip. 

401O  N.,  .  .  .      . : 

106' 

0"  to 

488' 

2" 

80' 

7"  to  426' 

2" 

27.  Slate  roof, 

11' 

6"  to 

494' 

7" 

10' 

8"  to  486' 

5'' 

2a  G.  BED, 

8' 

1"  to 

497' 

8" 

2' 

8"  to  489' 

1" 

29.  Blaok    slate,    sand, 

Goal, 

2' 

0"  to 

499' 

8" 

1' 

9'    to  440' 

10" 

80.  Fine  dark  sandstone 

88' 

9"  to 

583 

5" 

80' 

4"  to  471' 

2" 

81.  Micaoeous  fine  sand- 

stone,   

17' 

9"  to 

551' 

2' 

15' 

10"  to  487' 

0" 

82.  Fine  dark  sandstone 

9' 

8"  to 

660' 

5" 

8' 

8'  to  495' 

8" 

88,  Dark  sandstone  and 

Coal, 

1' 

0"  to 

561' 

5' 

11"  to  496' 

2" 

84.  F.  BED,  Goal  and 

slate, 

8' 

0"  to 

564' 

5" 

2' 

8"  to  498 

10" 

85.  Fine  dark  sand  and 

fire-oiay,     .... 

18' 

9"  to 

578' 

2" 

12' 

4"  to  511' 

2" 

86.  Fine  dark  sand  and 

fire-olay,     •  .  .  . 

20 

5"  to 

598' 

7" 

18' 

4"  to  529' 

6" 

87.  Mioa  ironstone,  fine 

and  hard,  •  •  .  . 

41' 

0"  to 

689' 

7" 

36' 

10"  to  566' 

4" 

88.  Fine  olay  and  iron- 

stone,   

7' 

0"  to 

646' 

7" 

6' 

8"  to  572 

7" 

89.  Fine  mioaoeous  iron- 

stone,   

60' 

0"  to 

706' 

7' 

58' 

10"  to  626 

5" 

40.  Baltimore   bed, 

, 

dip,  260N 

17' 

10"  to 

724' 

5" 

15' 

11"  to  642' 

4" 

Foot  of  shaft ;  bore-hole 

oommenoes  here. 

41.  Sandstone,    .... 

86' 

7"  to 

760' 

0" 

82' 

0"  to  674' 

4" 

42.  Slate  and  Coal,  .  . 

1' 

0"  to 

761' 

0" 

11"  to  675' 

8" 

48.  SUte, 

12' 

9"  to 

778' 

9' 

11' 

5"  to  686' 

8" 

44.  Micaoeous  sandstone 

36' 

0"  to 

809' 

9" 

32' 

4"  to  719' 

0" 

45.  Slate  and  mioaoeous 

sandstone, .... 

1' 

6 "  to 

811' 

8' 

1' 

4"  to  720* 

4" 

46.  Slate,  Coal,    Coal 

and  slate,   .... 

1' 

6"  to 

812' 

9" 

1' 

4"  to  721' 

8" 

Ashbumer.'l  anthracite  region,  chap.  ix. 


435 


No,  of       Description.        Thicknesses  measured        Thicknesses  per^ 

strata.  horizontally.  pendicular  to  dip. 

47.  Slate  and  fire-olay,  .    12'    2"  to    824'  11"  10   10'  to  782     6' 

48.  Slate,    ......    18'    0"  to    837'  II"  11'    8"  to  744     2 

40.  Saodstone, 6'  10"  to    844'  9'  6'    0"  to  750'    2 

50.  Mioaoeons  sandstone    2'    8"  to    8i7'  0"  1'  11"  to  752'    1 

51.  Slate, 5'    0"  to    852'  0"  4     6"  to  766'    7 

52.  Slate  and  bone,    .  .     6'    2"  to    858'  2"  5'    6"  to  762'    1'' 
68.  Slate, 16'    2"  to    874'  4"  14'    6"  to  776'    6" 

54.  Slate  and  bone,    .  .     5'    0"  to    879'  4"  4'    6"  to  781'    0 ' 

55.  Slate, 6'    6"  to    885'  10"  6'  10"  to  786'  10' 

56.  Micaceous  sandstone     6'    5"  to    892'  8"  5'    9"  to  792'    7 

57.  Pebble  rook,  .  ...     1'    0"  to    898'  8"  11"  to  798'    6" 

58.  Micaceoussandstone    6'    0"  to    899'  8'  5'    5"  to  798'  11" 

59.  Hard    pebble  rook,   51'    0"  to    960'  8"  45'    9"  to  844     8" 

60.  Fireclay  and  sand- 

stone, 1'    6"  to    951  9'  1'    4"  to  846'    0" 

61.  Coal  and  bone,   .  .     1     6 '  to    958'  8"  1'    4"  to  847'    4" 

62.  Sandstone,     ....  Ill'  to  1064'  3"  98'    8"  to  946'    0" 
68.  B.    OB    Red  Ash 

BBD, 18'    0'    to  1077  8"  11'    8"  to   957'    8" 

64.  Spar  rock, 87'    9"  to  1165'  0"  78'    9"  to  1036'    5" 

See  Colnmnar  Section  Sheet,  No.  I,  and  Mine  Sheet,  No.  VIII. 


Section  of  Baltimore  Rope  Drill  Bore-Hole  from  Balti- 
more Bed  to  Red  Ash  Bed. 


D,  &  H.  a  Co. 

(Reported  by  D.  A  H.  C.  Co.) 


No.  of        Description, 
strata. 

1.  Baltimobb  Bsd. 

2.  Sandstone, 98' 


Thicknesses  measured 
vertically. 


Thicknesses  per- 
pendicular to  dip. 


4.  Coal, 2' 

5.  Slate, 1' 

6.  Sandstone, 23' 

7.  Slate, 

8.  Coal, 

9.  Slate 2' 

10.  Sandstone, 85' 

11.  Slate, 

12.  Coal, 8' 

18.  Slate, 6' 

14.  Coal 

15.  Slate, 21' 


0"  to  98' 

0" 

98' 

0" 

to  98' 

0" 

11"  to  105' 

11" 

7' 

11" 

to  105' 

11" 

0"  to  107' 

11" 

2' 

0" 

to  107' 

11" 

10  '  to  109' 

9" 

1' 

10" 

to  109' 

9" 

5"  to  183' 

2" 

23' 

6'' 

to  138' 

2" 

5"  to  183' 

7" 

5" 

to  133' 

7" 

8"  to  184' 

8" 

8" 

to  134' 

3" 

8"  to  186' 

6" 

2' 

8" 

to  136' 

6" 

0"  to  221' 

6" 

85' 

0" 

to  221' 

6" 

6"  to  222' 

0'' 

6" 

to  222' 

0" 

8"  to  226' 

8" 

3' 

8" 

to  225' 

8" 

6"  to  232' 

2" 

6' 

6' 

to  282' 

2" 

10"  to  288' 

0" 

10" 

to  288' 

0" 

4"  to  264' 

4" 

21' 

4" 

to  264' 

4" 
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No.  of       Veseription,        Thicknesses  measured        Thicknesses  pet- 
streUcL  horizontally*  pendicular  to  dip. 

Id.  COAD, 4'    8"  to  259'  0"  4'    8"  to  260*  0 

17.  Slate, 6"  to  269'  6  '  6"  to  259*  6" 

18.  Coal, 1'    6"  to  261'  0"  1'    6"  to  261'  0 ' 

19.  Sandstone, 28'    0"  to  289'  0 '  28     0"  to  289'  0" 

20.  Red  Ash  bbd. 

See  Colnmnar  Section  Sheet  Na  I  and  Mine  Sheet  No.  VIII. 


Chapter  X. 
Report  on  the  Wyoming  Valley  Limestone- Beds, 


By  CHARIiES  A.  ASHBURNER. 


Accompanied  by  a  Description  of  the  Fossils  Contained 

in  the  same. 


By  Profbssor  Amoblo  Hbii«prin. 


Part  L 


The  occurrence  of  limestone-beds,  interstratified  with  the 
shales,  sandstones,  and  coal-beds  of  the  Coal  Measures 
(Formation  No.  XIII)  in  Pennsylvania  is  not  unusual ;  on 
the  contrary,  they  characterise  all  the  bituminous  measures 
in  the  State. 

In  the  most  recent  coal  measures,  and  the  highest  in  the 
geological  column,  in  Washington  and  Greene  counties, 
there  occur  sixteen  beds  of  limestone,  with  an  aggregate 
thickness  of  about  100  feet,  contained  in  a  section  of  coal 
measures  having  a  total  thickness  of  about  1000  feet. 

In  the  Upper  Productive  Measures,  which  extend  from 
the  bottom  of  those  just  referred  to,  down  to  and  including 
the  Pittsburgh  coal-bed,  having  an  aggregate  thickness  of 
600  feet,  there  occur  five  prominent  limestone-beds  having 
a  thickness  of  105  feet. 

In  the  Lower  Barren  Measures  of  Beaver  county,  which 
extend  from  the  bottom  of  the  Pittsburgh  coal-bed  down 
to  the  bottom  of  the  Mahoning  Sandstone,  a  distance  or 
about  650  feet,  there  occur  at  least  four  well  defined  lime- 
stone-beds, the  aggregate  thickness  of  which  is  from  15  to 
20  feet. 

In  the  Lower  Productive  Measures,  which  contain  tlie 
coaibeds  mined  extensively  in  many  of  the  counties  im- 
mediately back  of  the  crest  of  the  Allegheny  mountains, 
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17.  SUie,   . 

18.  COAi,   . 
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'^d  to  later,  and  to  have  gathered 

the  surrounding  fields ;   this 

kiln  in  the  immediate  vi- 

•n)ally  as  a  fertilizer. 

^l.  Scharar,  promi- 

iUg  Historical  and 

le  late  Mr.  Harrison 

ad  other  members,  have 

^<  .  fossil  specimens  from  an 

"^  s  Barre  limestone  beds,  near 

loss  Mill  creek,  at  the  head  of  a 

.uandoned  New  York  and  Pennsyl- 

iestone  outcrop  is  on  the  Mill  Creek 

lie  commencement  of  the  Anthracite  Sur- 
iiad  the  pleasure  of  examining  this  collection 
ill  Mr.  Wright  in  the  society's  rooms  at  Wilkes 
A  subsequently  had  an  opportunity  of  visiting  the 
,  on  Mill  creek,  from  which  these  fossils  were  ob- 
.  d,  in  company  with  both  Mr.  Wright  and  Dr.  Ingham. 
le  importance  of  having  a  determination  made  of  the 
genera  and  species  of  these  fossil  forms,  which  were  cur- 
rently reported  to  be  distinctly  Permian,  was  early  appre- 
ciated by  Professor  Lesley.     The  fragmentary  character  of 
the  specimens,  together  with  the  questionable  species  of 
many  of  them,  made  it  necessary  that  the  fossils  should 
be  subjected  to  the  scrutiny  of  an  expert  palfiBontologist. 

The  problems  in  practical  geology  which  have  occupied 
the  attention  of  the  members  of  the  Survey  corps,  and  which 
have  had  such  an  important  bearing  upon  the  economical  de- 
velopment of  the  mineral  resources  of  the  State,  have  been 
so  numerous,  that  the  State  appropriations  made  for  the 
Survey  have  not  permitted  of  the  large  number  of  fossil  spe- 
cimens which  have  been  collected  by  the  Survey  assistants 
being  studied  and  reported  on  by  an  expert  palaeontologist. 
The  great  number  of  fossil  specimens  which  have  been 
collected,  particularly  in  the  central  and  north-western 
parts  of  the  State,  have  been  catalogued  as  to  their  locality 
and  the  lithological  characteristics  of  the  strata  in  which 
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including  the  counties  of  'Cambria,  Clearfield,  Jefferson, 
Elk,  etc.,  there  occur  four  easily  recognized  limestone- beds, 
having  an  aggregate  thickness  of  from  15  to  20  feet,  included 
in  strata  ranging  from  300  to  400  feet  in  thickness.  These 
coal  measures  extend  from  the  Mahoning  Sandstone  down 
to  the  Pottsville  Conglomerate. 

In  addition  to  these  well  defined  limestone-beds,  numbering 
in  all  29,  with  an  aggregate  thickness  of  about  240  feet,  and 
included  in  a  vertical  column  of  bituminous  coal  measures 
2400  feet  thick,  there  occur  a  number  of  sporadic  or  irregu- 
larly deposited  limestone-beds  of  variable  thicknesses ;  the 
thickness  of  any  one  of  which,  however,  seldom  exceeds 
3  or  4  feet. 

A  vertical  bore-hole  in  the  extreme  south-western  comer 
of  the  State  would  pierce  this  entire  column,  with  the  in- 
cluded limestones  and  bituminous  coal-beds.  It  is  highly 
improbable,  however,  that  all  of  these  29  beds  would  be 
found  existing  as  limestones  at  any  one  locality,  since  we 
have  found  by  experience  that,  while  all  the  coal  measure 
limestone  horizons  are  remarkably  persistent,  yet,  in  special 
areas,  the  limestones  thin  down  almost  beyond  recognition, 
or  are  entirely  replaced  by  calcareous  or  argillaceous  slate 
or  shale,  and  sometimes  even  by  sandstones  which  contain 
little  or  no  lime. 

In  the  Coal  Measures  of  the  anthracite  region,  however, 
the  occurrence  of  limestone-beds  is  rare,  and  the  only  lo- 
cality where  clearly  defined  and  persistent  beds  of  limestone 
have  been  located  by  the  Geological  Survey  is  in  the  Wyom- 
ing valley.  These  beds  are  of  special  interest  to  geologists 
and  palseontologists,  on  account  of  the,  number  of  fossil  re- 
mains of  water  shells  found  in  one  of  the  most  persistent 
of  the  beds,  and  which  I  have  named  the  Mill  Creek  lime- 
stone-bed. 

The  existence  of  limestone  in  the  coal  measures  of  the 
Wyoming  valley,  particularly  in  the  vicinity  of  Wilkes 
Barre,  has  been  recognized  for  many  years.  A  farmer  on  the 
farm  of  Judge  Garrick  Mallory  is  reported  to  have  quarried 
limestone,  over  15  or  20  years  ago,  from  an  outcrop  on  the 
south  side  of  Mill  creek,  below  the  mouth  of  Laurel  run, 
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at  a  locality  to  be  referred  to  later,  and  to  have  gathered 
loose  pieces  of  stone  from  the  surrounding  fields ;  this 
limestone  was  burned  in  an  old  kiln  in  the  immediate  vi- 
cinity  for  lime,  which  was  used  principally  as  a  fertilizer. 

Dr.  Charles  F.  Ingham  and  Mr.  Chris.  H.  Scharar,  promi- 
nent and'active  members  of  the  Wyoming  Historical  and 
Geological  Society,  together  with  the  late  Mr.  Harrison 
Wright,  secretary  of  the  society,  and  other  members,  have 
made  an  interesting  collection  of  fossil  specimens  from  an 
outcrop  of  one  of  these  Wilkes  Barre  limestone  beds,  near 
the  old  Hollenback  dam  across  Mill  creek,  at  the  head  of  a 
supply  race  of  the  now  abandoned  New  York  and  Pennsyl- 
vania canal.  This  limestone  outcrop  is  on  the  Mill  Creek 
bed. 

Shortly  after  the  commencement  of  the  Anthracite  Sur- 
vey  in  1880,  I  had  the  pleasure  of  examining  this  collection 
of  fossils  with  Mr.  Wright  in  the  society's  rooms  at  Wilkes 
Barre,  and  subsequently  had  an  opportunity  of  visiting  the 
locality  on  Mill  creek,  from  which  these  fossils  were  ob- 
tained, in  company  with  both  Mr.  Wright  and  Dr.  Ingham. 
The  importance  of  having  a  determination  made  of  the 
genera  and  species  of  these  fossil  forms,  which  were  cur- 
rently reported  to  be  distinctly  Permian,  was  early  appre- 
ciated by  Professor  Lesley.  The  fragmentary  character  of 
the  specimens,  together  with  the  questionable  species  of 
many  of  them,  made  it  necessary  that  the  fossils  should 
be  subjected  to  the  scrutiny  of  an  expert  palfiBontologist. 

The  problems  in  practical  geology  which  have  occupied 
the  attention  of  the  members  of  the  Survey  corps,  and  which 
have  had  such  an  important  bearing  upon  the  economical  de- 
velopment of  the  mineral  resources  of  the  State,  have  been 
so  numerous,  that  the  State  appropriations  made  for  the 
Survey  have  not  permitted  of  the  large  number  of  fossil  spe- 
cimens which  have  been  collected  by  the  Survey  assistants 
being  studied  and  reported  on  by  an  expert  palaeontologist. 

The  great  number  of  fossil  specimens  which  have  been 
collected,  particularly  in  the  central  and  north-western 
parts  of  the  State,  have  been  catalogued  as  to  their  locality 
and  the  lithological  characteristics  of  the  strata  in  which 
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they  were  found ;  and,  in  accordance  with  a  special  act  of 
the  Legislature,  have  been  deposited  with  the  Academy  of 
Natural  Sciences  in  Philadelphia:  The  Wilkes  Barre  fos- 
sil specimens  in  the  possession  of  the  Wyoming  Historical 
and  Geological  Society,  and  those  privately  held  by  Mr. 
Schaarer,  were  placed  at  the  disposal  of  the  Survey  in  1880 
for  examination.  After  a  cursory  examination  of  these 
specimens,  I  was  convinced  that  the  species  could  not  be 
satisfactorily  determined,  for  the  reasons  already  assigned, 
except  by  a  specialist. 

At  the  request  of  Professor  Lesley  the  specimens  were 
examined  at  different  times  by  two  of  our  field  geologists, 
who  had  given  considerable  time  to  the  study  of  Palaeozoic 
fossils.  Failure  in  one  case  to  identify  a  number  of  the 
forms,  and,  in  the  other  case,  to  assign  questionable  names 
to  a  number  of  them,  led  finally  to  Professor  Angelo  Heil- 
prin,  professor  of  invertebrate  palaeontology  at  the  Phila- 
delphia Academy  of  Natural  Sciences,  being  induced  to  un- 
dertake the  examination.  Professor  Heilprin's  time  being 
almost  entirely  taken  up  with  work  previously  engaged 
upon,  the  progress  made  in  the  careful  and  systematic 
study  of  the  Wilkes  Barre  fossils  was  necessarily  slow. 
The  thoroughness  with  which  Professor  Heilprin  pursued 
his  work,  and  the  unquestioned  correctness  of  his  conclu- 
sions, which,  however,  differ  largely  from  the  conclusions 
of  others  who  have  previously  examined  the  specimens, 
should  be  a  source  of  congratulation,  both  to  the  Wyoming 
Society  and  the  Survey,  that  no  publications  have  been 
made  prior  to  Professor  Heilprin's  determinations. 

Those  who  have  studied  these  fossils  for  a  number  of 
years  have  generally  assigned  them  to  the  Permian  forma- 
tion. The  occurrence  of  the  Mill  Creek  limestone-bed, 
however,  in  which  the  fossils  were  found,  inter-stratified 
with  sandstones  and  shales  included  between  two  coal-beds 
of  apparently  undisputed  Carboniferous  age,  made  the 
study  of  the  fossils  all  the  more  interesting,  and  their  de- 
termination the  more  important. 

The  names  assigned  to  the  forms  examined  by  Professor 
Heilprin,  together  with  careful  descriptions  and  references, 
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makes  his  paper  (Part  II),  which  follows,  complete  in  itself, 
and  it  is  only  necessary  to  refer  to  the  geological  relation- 
ships of  the  limestones  from  which  they  were  taken. 

A  more  extended  and  careful  examination  of  the  out- 
crops of  the  Mill  Creek  limestone  will  no  doubt  reveal  other 
specimens  not  contained  in  the  specimens  which  have  so  far 
been  found  and  examined. 

In  order  to  aid  future  explorers  to  identify  specimens 
which  they  may  find,  photographs  of  the  more  distinct 
specimens  were  made,  but  failed  to  show  with  sufficient 
definition  the  details  of  the  forms  as  they  appear  on  the 
specimens  themselves,  so  that  independent  drawings  of  the 
fossils,  from  the  specimens  and  photographs  combined, 
were  made  under  Professor  Heilprin' s  personal  supervision. 
These  drawings  are  reproduced  on  the  accompanying  page 
plates.  On  account  of  the  indistinctness  of  some  of  the 
specimens,  as  represented  on  the  page  plates,  and  in 
order  to  permit  students  more  easily  to  identify  new  speci- 
mens, other  drawings,  more  complete  in  form,  of  the  same 
specimens  were  made  and  are  inserted  in  the  text. 

The  Mill  Creek  limestone-bed  outcrops  along  the  north 
side  of  Mill  creek,  near  the  breast  of  the  old  Hollenback 
dam,  and  about  midway  between  the  River  Street  bridge 
and  a  bridge  of  the  Lehigh  Valley  railroad,  which  crosses 
the  creek  immediately  at  its  mouth. 

The  limestone  is  siliceous,  ferruginous,  and  extremely 
hard,  and  from  1  foot  to  15  inches  thick. 

It  occurs  between  the  Prospect  shaft  anticlinal,  which 
runs  due  west  from  Prospect  Shaft  across  the  Susquehanna 
river,  and  the  center  of  the  Cemetery  basin  ;  the  axis  of  the 
basin  crosses  River  street  about  midway  between  Chestnut 
and  Linden  streets. 

The  dip  of  the  strata,  where  the  limestone  outcrops,  is 
toward  the  south.  All  the  specimens  of  fossils  obtained 
from  this  stratum  were  very  much  stained  with  oxide  of 
iron. 

When  the  lock  of  the  Mill  Creek  Slack  Water  Naviga- 
tion, on  the  south  side  of  the  creek  and  immediately  oppo- 
site this  limestone  outcrop,  was  built,  about  1865,'a  num- 
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ber  of  fossils  were  obtained  from  the  excavations  made  in 
the  calcareous  black  slate  at  the  foot  of  the  lock. 

The  Mill  Creek  limestone  outcrops  again  along  the  fence 
of  the  HoUenback  Cemetery,  facing  the  Susquehanna  river 
on  the  west  side  of  Mill  creek,  about  66  feet  south  of  the  Le- 
high Valley  railroad  track. 

.  On  the  road  between  Kingston  and  Plymouth,  and  about 
half  a  mile  north-east  of  the  Boston  breaker,  an  outcrop  of 
limestone  occurs  which  is  2  feet  thick.  This  outcrop  Mr. 
Schaarer  believes  to  be  on  the  Mill  Creek  limestone. 

As  nearly  as  can  be  made  out,  the  Mill  Creek  limestone 
occurs  between  30  and  40  feet  beneath  the  Joe  Gibbs  coal- 
bed.  This  coal-bed  outcrops  on  either  side  of  River  street 
on  both  the  HoUenback  Cemetery  bank  and  the  Hospital 
bank,  and  near  the  end  of  Linden  street.  The  dip  of  the 
bed  is  east  of  north  from  the  Cemetery  anticlinal,  into  and 
toward  the  Cemetery  basin.  (See  Mine  Sheet  No.  VIII, 
Atlas  Northern  Anthracite  Field,  Part  I.) 

In  the  Dorrance  shaft,  a  little  over  a  quarter  of  a  mile 
south-west  of  this  outcrop,  what  has  been  taken  for  the  Joe 
Gibbs  coal-bed  was  cut  in  the  shaft  at  a  depth  of  130  feet 
7  inches.  The  dip  of  the  strata  in  the  Dorrance  shaft,  from 
the  top  of  the  shaft  down  to  the  coal-bed,  ranges  from  39  to 
37  degrees  in  a  direction  south.  Although,  at  the  time  that 
the  section  of  the  Dorrance  shaft  was  measured  by  Mr. 
Frank  A.  Hill,  Assistant  Geologist,  the  representative  of 
the  Mill  Creek  limestone  was  not  noticed,  it  would,  upon 
close  examination,  probably  be  found  in  the  shaft  at  a 
depth  of  about  170  feet. 

On  the  south-east  bank  of  the  canal,  800  feet  south-west 
of  the  mouth  of  Mill  creek,  and  near  the  line  separating 
the  HoUenback  and  the  Public  Cemeteries,  occurs  an  out- 
crop of  a  siliceous  non-fossiliferous  limestone  much  softer 
than  the  Mill  Creek  limestone.  This  bed  I  have  named  the 
Canal  limestone,  and  it  occurs  about  30  feet  stratigraphi- 
cally  below  the  Mill  Creek  bed.  The  Canal  limestone  is  2± 
feet  thick. 

Seventy  feet  south-west  of  this  limestone  outcrop  occurs 
an  interesting  outcrop  of  dark  gray  slate,  the  top  of  which 
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is  about  10  feet  below  the  Canal  limestone-bed.  Immedi- 
ately after  the  original  deposition,  in  the  water-basin  of  the 
Carboniferous  age,  of  the  mud  and  silt  which  ultimately 
formed  this  slate  bed,  the  mud  and  silt  were  washed  away 
either  by  a  current  in  the  depositing  waters  or  by  a  stream 
which  flowed  over  the  mud  bed.  In  the  latter  case,  the  level 
of  the  water,  which  existed  during  the  time  that  the  mud 
and  silt  were  deposited,  must  have  been  considerably  low- 
ered, by  the  water  being  withdrawn  in  order  to  permit  of 
the  forma  tion  of  a  creek  bed.  This  ancient  cvi  was  subse- 
quently filled  with  sand  and  mud,  which  replaced  the  mud 
and  silt  which  had  been  washed  away. 

The  Canal  limestone-bed  was  cut  in  the  Dorrance  shaft, 
and  pieces  of  limestone  could  quite  recently  be  found  in 
the  rock  dump  in  the  vicinity  of  the  shaft.  The  slate, 
passed  through  by  the  shaft,  between  a  depth  of  207  feet  6 
inches  and  223  feet  6  inches,  is,  without  doubt,  the  repre- 
sentative of  the  slate  found  along  the  river  bank,  below  the 
Canal  limestone.  An  outcrop  of  the  Mill  Creek  limestone 
was  found  by  Mr.  Schaarer  west  of  the  dirt  dump  at  the  en- 
gine house,  near  the  foot  of  the  Dorrance  breaker  plane,  and 
about  midway  between  the  Dorrance  shaft  and  the  Dor- 
rance breaker.  About  25  feet  stratigraphically  above  the 
limestone  outcrop,  an  outcrop  of  the  Joe  Gibbs  coal-bed  is 
reported  to  have  been  found,  the  coal-bed  being  apparently 
about  1  foot  thick. 

About  10  feet  above  the  top  of  the  Conyngham  shaft  a 
limestone-bed  was  cut  in  an  adjoining  ditch.  This  limestone- 
bed  is,  without  doubt,  the  representative  of  the  Canal  lime- 
stone. 

On  Main  street  north-east  of  Elk  street,  and  very  nearly 
on  the  line  between  the  Conyngham  and  Prospect  shafts, 
occurs  an  outcrop  of  the  Mill  Creek  limestone,  having  a  dip 
of  85  degrees  due  south.  The  outcrop  is  located  on  the  crest 
of  the  Cemetery  anticlinal,  and  a  number  [of  fossils'were 
obtained  from  the  limestone  at  this  point.         '        ^mmSmm 

About  150  feet  nearly  north-east  from  this  latter  outcrop, 
.and  on  the  top  of  a  small  hill,  the  Mill  Creek  limestone  out- 
crops on  the  north  dip.     This  was  the  point  from  which 
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Judge  Mallory's  farmer  got  most  of  the  lime  which  was 
burnt. 

The  Mill  Creek  limestone  is  exposed  on  the  west  side  of 
the  river,  between  the  Mill  Creek  bridge-  and  the  bridge 
over  the  railroad  at  the  foot  of  the  Prospect  culm-bank. 
The  limestone  is  also  exposed  in  the  Lehigh  Valley  railroad 
cut  west  of  the  Prospect  breaker. 

In  this  railroad  cut  the  Canal  limestone  is  exposed. 
Ninety  feet  below  the  Canal  limestone  at  this  point  the 
River  coal-bed,  which  is  the  representative  of  the  Rock 
bed  struck  in  the  Dorrance  shaft  at  a  depth  of  325  feet  9 
inches,  occurs.  Twenty-five  feet  stratigraphically  below 
this  coal-bed  occurs  a  third  limestone. 

In  addition  to  these  three  limestone  beds  two  others  are 
reported,  but  I  did  not  find  their  outcrops. 

In  the  Dundee  shaft  on  the  south  side  of  the  Susque- 
hanna river  about  a  mile  and  a  half  east  of  Nanticoke,  fos- 
sils were  obtained  in  a  black  slate  statum  extending  from 
a  depth  of  281  feet  3  inches  to  314  feet  9  inches.  The  exact 
position  of  this  slate-bed  in  the  Coal  Measures  is  not  known, 
since  the  Dundee  shaft  section  has  never  been  satisfactorily 
compared  with  other  sections.  Mr.  Hill  is  disposed  to  be- 
lieve that  the  Dundee  fossiliferous  slate  is  about  600  feet 
above  the  Hillman  coal-bed. 

In  a  cut  on  the  Lehigh  Valley  railroad  south-west  of  the 
Hillman  Colliery  breaker  there  is  exposed  2  feet  of  a  tough 
siliceous  limestone  which  occurs  10  feet  above  the  Hillman 
coal-bed.  This  latter  limestone  has  been  by  some  consid- 
ered to  be  the  same  as  the  Mill  Creek  limestone-bed  ;  there 
is,  however,  nearly  500  feet  of  strata  between  the  two  lime- 
stones. No  fossils  have  been  found  in  the  Hillman  lime- 
stone. 

The  relative  positions  of  these  limestone-beds  in  a  general 
section  of  the  Coal  Measures  of  the  Wyoming  valley  is 
shown  in  the  following  section,  compiled  from  the  Dorrance 
shaft,  down  to  the  bottom  of  the  Rock  coal-bed ;  from 
thence  from  the  Conyngham  shaft  section  down  to  the  bot- 
tom of  the  Baltimore  coal-bed  ;  from  thence  from  the  re- 
cord of  the  Baltimore  bore-hole,  down  to  the  Red  Ash  coal- 
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bed,  and  from  thence,  from  the  Red  Ash  bore-hole,  to  the 
bottom  of  the  section  : 

JFeet.  Jnches. 

1.  Slate, 51  5 

2.  Coal  and  dirt, 2  10 

8.  Slate, 7  2 

4.  Sandstonea,  soft, 2  1 

6.  Slate, 21  1 

6.  Sandstone, 5  6 

7.  Slate, 8  * 

8.  Sandstone,  bard, 11  1 

9.  Slate, 1  10 

10.  Jo€  Oibba  eoal^edf 1  10 

11.  Sandstone, 80  0 

12.  MiLii  Cbbbk  Limbstonb, 1  0 

18.  Sandstone, 26  0 

14.  Canal  IjImestonb, 2  0 

15.  Slate, 14  0 

16.  Coal, 1  10 

17.  Sandstone, 11  ( 

18.  Slate  and  sandstone, 7  5 

19.  Sandstone, 18  1 

20.  Slate  and  fire-clay,* 2  2 

21.  Sandstone, 89  4 

22.  Slate, 7  6 

28.  JRocfcf  or  K  coal-htd, 7  2 

24.  SUte, 8  2 

25.  Coal, 2  6 

26.  Slate  and  sandstone, 25  0 

27.  LiMRSTONB, 2± 

28.  Conglomerate,  sandstone,  and  slate, 88  0 

29.  Abbott,  7-fdoty  or  J  eoal^ed, 5>  0 

80.  Sandstone, 51  0 

81.  Conglomerate, 10  0 

82.  Sandstone, 15  0 

88.  Bowkley,  or  I  eoat-betl, 5  0 

84.  Slate, 17  0 

85.  Conglomerate, 20^ 

86.  HiLLMAN  Limbstonb, 8  0 

87.  Slate,   ...             10  0 

88.  liillman,  or  H  coal-bed,      16  0 

89.  Conglomerate  and  sandstone, 150  0 

40.  O  coal-bed, 8  0 

41.  Sandstone, 57  0 

42.  6-Foot,  or  F  coal-^ed, 8  0 

48.  Fire-olay, 12  0 

44.  Sandstone, 116  0 

*This  stratum  is  probably  oaloareous,  and  may  in  some  oases  be  the  lime- 
stone bed  representatiye  of  one  of  the  limestone  beds  whose  outcrop  I  did 
not  find. 

29 
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Feet*  Tnekes. 

45.  Baltimore^  E,  or  Mammoth  coaUbed^ 16  0 

46.  Sandstone, 106  0 

47.  CoaUbed 2  0 

48.  Sandstone 26  0 

49.  Coal-bed, 1  0 

5a  Sandstone, 87  0 

5L  Ooalrbed  D, 4  0 

52.  Slate, 6  0 

58.  Coal-bed, 1  0 

54.  Slate, 21  0 

55.  Jio88,  or  Ceoal-bed, 7  0 

56.  Sandstone, 28  0 

57.  Bed  Ash,  or  B  coal-bed^ \  17  0 

58.  Slate, 2  0 

59.  CoaUbed  A, 2  0 

60.  Slate  and  sandstone, 11  0 

61.  Conglomerate,  Pottsvllle,  No.  XII, 96  0 

62.  Mauch  Chunk  red  shale,  Na  XL 

Total  thlokness  of  measures, 1267  0 


Part  IL 

Although  some  doubt  has  been  entertained  by  certain 
geologists  and  palaeontologists  as  to  the  age  of  the  deposits 
represented  by  the  fossils  in  question,  whether  Upper  Car- 
boniferous or  Permian,  there  is,  in  my  opinion,  not  the  re- 
motest foundation  for  the  existence  of  such  doubt.  Apart 
from  all  stratigraphical  evidence,  which  api)ears  to  be  abso- 
lutely confirmatory  of  the  evidence  presented  by  palaeontol- 
ogy, we  have,  in  the  numerous  and  varied  organic  remains, 
the  most  indisputable  demonstration  of  the  Carboniferous 
formation.  By  far  the  greater  number  of  the  fossils — not  im- 
possibly all  of  them — have  already  been  described  from  the 
equivalent,  or  nearly  equivalent  deposits  of  the  States  west 
of  Pennsylvania,  concerning  whose  age  there  appears  to  be 
on  question.  But  even  if  there  were  such  a  question  in  some 
instances,  it  would  not  aflfect  the  present  issue,  since  the 
Wilkes  Barre  fossils  unequivocally  represent  Carboniferous 
species.  Not  a  single  distinctively  Permian  fossil  occurs 
in  the  collection,  although  the  Sohizodus  forms  may  per- 
haps with  propriety  be  considered  to  represent  as  well  a 
newer  as  an  older  horizon.     The  fragments  of  Trilobites 
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(Phillipsia)  are  in  themselves  suflScient  to  dispel  any  doubt 
that  might  arise  as  to  the  stratigraphy  of  the  region,  inas- 
much- as  we  know  of  no  members  of  this  group  of  organisms 
surviving  the  coal  period,  unless  they  be  the  forms  described 
by  Shumard  from  tlie  very  doubtfully  placed  Permian  de- 
posits of  the  Sierra  Madre.  At  the  same  time,  it  is  by  no 
means  impossible,  or  even  very  improbable,  that  indisputa- 
ble Permian  Trilobites  may  yet  be  discovered. 

These  fossils  occur  in  a  very  ferruginous,  earthy  lime- 
stone, of  a  rusty  yellow  color,  and  are  mainly  in  the  nature 
of  casts  and  impressions.  They  are  the  property  of  the 
Wyoming  Historical  and  Geological  Society  of  Wilkes 
Barre,  and  of  Mr.  Chris.  H.  Scharar  of  Scranton,  through 
whose  kindness  they  have  been  placed  in  the  hands  of  the 
Geological  Survey  for  examination.  In  addition  to  these  a 
number  of  o^her  fossils  from  the  black  shales  of  the  same 
region  were  sent  on  by  the  Wilkes  Barre  Society  for  deter- 
mination. The  species  of  the  latter  specimens  are,  in  most 
cases,  only  doubtfully  determined.     They  are  : 

Modiola  minor ^  Lea. 

Modiomorpha  sp.  f  (near  to  3/.  alta^  Conrad.) 

Modiomorpha  sp.  f  (near  to  M,  complanata^  Hall.) 

f  Edmondia  Burlingtonensis^  White. 

PalcBoneilo  Bedfordensis^  Meek. 

Aviculopecten^  sp,f 

Pterinopecten,  sp.f 

Grammysia  Hamiltonensis^  Shumard. 

Grammy sia^  spj  Fig.  8. 

SchizoduSj  (near  to  S.  quadr  angular  is  ^  Hall.) 

Schizodus^  sp.f 

Solenomya  anodontoides^  Meek. 

Platyceras  acidirostris^  Hall. 

BelleropJion  percarinatus^  Conrad. 

?  Bellerophon  sublaois^  Hall. 

From  the  Upper  Coal  Measures. 

The  following  list  comprises  most  of  the  fossils  from  the 
Mill  Creek  limestone  bed  : 
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Discina. 
Discina  consexa,  Shnmard,  (Fig.  18.) 
Trans.  St.  Louis  Acad.,  I,  p.  221,  (1858.) 
Whitp,  Geo).  Rept.  Indiana,  1883,  p.  121, 
pi.  25,  Fig,  9.  Two  impressions  of  Dis- 
cina: occur  in  the  rock,  one  of  which 
is  unmistakably  referable  to  the  above 
species.  It  measures  about  an  inch  in 
basal  diameter,  and  somewhat  more  than 
a  third  of  an  inch  in  the  apical  height  of  the  convex 
valve.  The  concentric  lines  are  well  indicated.  The 
impression  of  the  second  specimen  is  not  as  clearly  de- 
fined, and  may  possibly  represent  Discina  Keioberryi, 
which,  however,  does  not  appear  to  differ  much,  if  at 
all,  from  D.  coiivexa. 

C/ioneies. 
Choneies  {?)  miUepunctata,  Meek  and  Worthen,  (Fig.  3.) 
Meek  and  Worthen,  Proc.  Ac.  Nat.  Sui.,  Phila..  1870,  p. 
35. 

Meek  and  Worthen,  Geo!.  Snrv.  Illinois,  Y.  p.  566,  pi. 
25,  Fig.  3. 

Several  determinable    impressions  of    this    remarkable 
brnchiopod,  one  of  which,  measuring  two  and  a  half  inches 
across,  would  indicate  in  the  perfect  specimen  an  expanse 
of  about  four  inches. 
Punctse  very  tine  and  exceedingly  numerous. 

Producixis. 
Productiis  Cora.  D'Orblgny,  (Figs.  1  and  la.) 
White,  Geol.  Kept.  Indiana,  1883,  p.  126.  pi.  26,  Figs.  1, 
2.  and  3. 

This  species  is  represented  by  a  large  fragment,  (upper 
moiety  of  valve,)  and  by  a  nearly  perfect  convex  or  vertical 
valve,  in  which  the  distinctive  characters  of  the  species — the 
fine  longitudinal  lines,  without  medial  impression,  and  broad 
corrugated  auricula tion— are  clearly  exhibited.  Umbonal 
height  somewhat  more  than  two  inches. 
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Productus  Ne 
hrascensis  t  Owen 
(Figs,  4,  4a,  4b,  and 
4c.) 

Owen  Geol.  Repr  | 
Wis.,    lo  wa ,    aiid"^(, 
Minn.,  p.  584,  pi.  V, 
Pig.  3. 

White  Geol.  Kept 
Indiana,  p.  122,  pi.  24.  Figs.  7,  8,  and  9. 

Tliere  are  several  fairly  well  preserved  specimens  of  a 
very  convex  and  strongly  scrabiculate  Productus,  whose 
nearest  relationship  among  American  forms  appears  to  be 
with  P.  Nebrasceiisis.  It  seems  to  differ  from  this  si»ecies. 
however,  in  tlie  more  prominent  pustnlation  of  the  dorsal 
valve,  a  character  in  which  it  agrees  more  nearly  with  the 
common  Eui-opean  P.  pustiilosus  (Phillips.)  This  one  dis- 
tinctive feature  is  pn>bably  of  no  more  Chan  varietal  im- 
portance, and  1  accordingly  prefer  to  place  the  species  un- 
der P.  Kebrascensis. 

AtkyTis. 

Athyris  svhguadrata,*'B.a.\\,  (Pig.  2.) 

Hall,  Iowa  Kept-,  vol.  1,  part  2,  p.  703,  pi.  XXVII, 
Fig.  2. 

Several  more  or  leas  perfect  casts, 

Spiri/er. 
Spiri/e)- lineatvsf  Martin,  very  donbtfnl. 


ACEI'HALA. 

Avtculopecien. 

Aniculopecten  Wi  nchelli, 
Meek,  (Pigs.  6,  6a,  and  6b.) 

Meek.  Ohio  Geol.  Rept.  II,  p. 
296,  pi.  15,  Fig.  5. 

Two  or  more  less  perfect  im- 
pressions. 
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Aviculopeiien  occidentalis,  Shum- 
ard,  (Figs,  fl  and  6a.) 

Shuraard,  1855,  Swallow's  Geol. 
Kept.  Miaaouii,  p.  207,  pi.  C,  Pijr.  18. 

White  Ueol.  Rept.  Indiana,  1883,  p. 
143,  pi.  28,  Fig.  3. 

Eumicroiis. 

Extmicrotis  Hawni,  Meek  and  Hay- 
den. 

Trans.  Albany  Inst.  IV,  (1858.) 

Meek  and  Worthen,  Geol.  Surv.,  111.,  II,  p.  338,  pi.  27, 
Figs.  12,  13,  and  14. 

An  obscure  impression  which  may  be  thatof  this  species, 
bnt  very  doubtful. 

Monopteria. 
Monnpteria  {Pteriiiea)  gihbosa.  Meek 
and  Worthen,  (Figs.  11  and  11a.) 

Meek  and  Worthen,  Proc.  Chicago 
Acad.  Nat.  Sci.,  1866,  p.  20. 

Meek  and  Worthen.  Geol.  Stirv,  111., 
II,  p.  340,  pi.  27,  Fig.  11. 

White,  Geol.  Rep.  Indiana,  1883,  p. 
139,pl.  30.  Figs.  11  and  12. 
One  specimen,  which  very  clearly  exhibits  the  distinctive 
features  of  the  species.  The  species  appears  to  be  very  in- 
timately related  to  Monopteria  auricula  of  Stevens  (Am. 
Jonrn.  Science  XXV,  p.  265,)  and  to  GercilUa  longispbia. 
Cox,  (Kentucky  Rept.  Ill,  p.  568.) 

Pinrta. 
Pinna  per  acuta,  Shumard.     (Figs.  12  and  12a.) 
Shumard,  Trans.  St.  Louis  Acad.,  I,  p.  214,  (1858.) 
White,  Geol.  Rept.  Indiana,  1883,  p.  145,  pi.  28,  Figs.  1  ' 
and  2. 

Several  impressions  and  casts,  one  of  the  latter  frag- 
ments measuring  tive  inches  in  length,  and  two  and  a  half 
in  greatest  width. 
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Myalina  siibquadTata.  Shnmard.     (Pigs.  15  and  15a.) 
Swallow,  Geo).  Snrv.  Missouri,  p.  207,  pi.  C,  Fig.  17. 
Several  fragmentary  casts  and  impressions. 

Maaodrnt. 
Macrodon  obsoletus.  Meek.     (Pig.  19.) 
Mt^k,  Kept.  Regents'  Univ.  W.  Virginia, 
1871. 

Meek,  Ohio  Rept.  Palseontology  II,  p.  334, 
pi.  19,  Fig.  9. 

Sck  izodus. 
Schizodus  cuneatus  (  Meek.     (Figs.  9  and 

) 

Meek,  Ohio  Rept.  Palfieontology  II,  p.  336, 
pi.  20,  Pig.  7. 

A  cast  of  a  large  Sclit 
zodus,  mtjasaring  two 
inches  in  length,  may 
possibly  belong  to  this 
species ;  the  absolute  spe- 
cific determination  is 
somewhat  doubtful,  how 
ever. 

Schizodvs  WJieeleri, 
Swallow.    (Pig.  7.) 

Swallow,   Trans.    St. 


Louis  Acad.  II, 
\  p.  96.  (1862.) 
White,  Geol. 
Rtept.  Indiana, 
1883,  pi.  30, 
P-gs.  3,  4,  and 
5. 

Several  nearly 
perfect  casts.* 
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Allorisma. 
Allorisma  subcuneaia.  Meek  and  Hayden,  Pig.  10  and  10a. 
Meek  and  Hayden,  Pal.  Upper  Missouri,  1864,  p.  37.  pi. 

1,  Fig.  10. 

Wliite,  Qeol.  Kept.  Indiana,  1883,  p.  148,  pi.  31,  Pigs.  1, 

2,  and  3. 

Orammysia. 
Undetermined    casts    and    iinpres- 


Gasteropoda. 
Macroclieilus. 
Macroclteilus  primi genius,  Conrad, 
(Pigs.  16  and  16a.) 

Conrad,  Trans.  Geol.  Soc.  Pennsyl., 
1835,  p.  267,  pi.  12,  Fig.  2. 
Conrad,  Iowa  Kept.,  1,  720. 
One  fairly  defined  cast. 

Bellerophon  f 
Belleroplion    nodocarinatus,    Hall, 
(Fig.  13.) 

Hall,  Iowa  Rept.,  part  II,  p.  723,  pi. 
XXIX,  Pig.  15.  a,  b,  and  c. 
Bellerophon  crassus    {var.)?  Meek 
and  Hayden. 

Meek  and  Hayden,  Proc.  Ac.   Nat.  Sci.,  Phila.,  1860.  p. 
458. 

The  identification  of  both  of  these  specimens  is  some- 
what doubtful. 

Cephalopoda. 
Nautilus,  sp.f 
Orthoceras,  sp.f 

Both  genera  represented  by  several  ill-defined  casts  and 
impressions. 
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Pkillipsia. 
Phillipsia  Sangamoensis,   Meek  and 
Worthen,  (Figs.  14  and  14a.) 

Meek  and   Worthen,    Proc.    Ac.    Nat, 
Sci.,  Phila..  1865,  p.  271. 
■■>«•       Meek  and  Worthen,  Geol.  Surv.  Illi- 
nois, V,  p.  615,  pi.  33,  Fig.  4. 
Represented  by  two  pygidia. 


Chapter  XI. 

Report  on  the  Bei^nice  Coal-hasin  in  the  Loyalsock  and 
Mehoopany  Coalfield^  in  Sullivan  County. 


By  Chables  A.  Ashbubnbb. 


General  Description. 

The  Loyalsock  and  Mehoopany  Coal-field  extends  through 
parts  of  Sullivan  and  Wyoming  counties,  and  has  been 
called  by  various  names.*  It  lies  back  of  and  to  the  north, 
of  what  may  be  considered  the  most  north-eastern  exten- 
sion of  the  Allegheny  mountains.  Thegeneml  name,  North 
mountain,  has  been  assignad  to  that  portion  of  the  Alle- 
gheny mountain  between  Muncy  creek,  in  eastern  Lycom- 
ing county,  and  Bowman's  creek,  in  south  central  Wyoming 
county.  Local  names  have  been  assigned  to  different  parts 
of  this  mountain  :  that  nart  Ivins^  to  the  south  of  the  West 
Branch  of  Fishing  creek,  in  Davidson  township,  Sullivan 
county,  and  Jackson  and  Sugar  Loaf  townships,  in  Colum- 
bia county,  being  known  as  Bald  mountain  ;  that  part  be- 
tween the  main  branch  of  Fishing  creek  and  Kitchen  creek, 
in  Sugar  Loaf  township,  Columbia  county,  and  Fairmount 
township,  Luzerne  county,  being  specially  known  as  North 
mountain.  To  the  east  of  Bowman's  creek  the  summits  be- 
come much  lower,  that  between  this  creek  and  the  Susque- 
hanna river  being  known  as  Bowman's  mountain  and  Eaton 
knob ;  that  on  the  east  side  of  the  Susquehanna  river,  and 
between  it  and  the  south  branch  of  Tunkhannock  creek,  be- 
ing called  Tunkhannock  mountain,  while  the  summit  be- 

*On  the  page  plate  map  of  the  Anthracite  region  aooompanying  this  report, 
this  ooal-fieid  has  been  deaignated  the  Western  Northern  in  contradistinction 
to  the  Northern,  Enstem  Middle,  Western  Middle,  and  Southern  anthracite 
fields. 

(459) 
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tween  the  main  and  south  branches  of  Tunkhannock  creek 
is  known  as  Elk  moantain.* 

Back,  and  to  the  north  of  this  mountain  frontier,  the  strata 
are  comparatively  horizontal,  possessing  the  low  dips  which 
are  universally  found  all  through  the  State  back  of  the  Alle- 
gheny crest ;  the  Coal  Measures  are  only  found  existing  on 
the  higher  summits,  which  are  the  Only  remaining  portions  of 
the  original  plateau,  which,  in  later  geological  times,  has  been 
broken  up  into  a  region  having  a  rugged  topography,  the  val- 
levs  having  been  cut  out  bv  the  natural  erosion  of  the  strata : 
the  resulting  debris  having  been  carried  away  by  the  streams. 

The  accompanying  piige  plate  map,  on  a  scale  of  four 
miles  to  an  inch,  exhibits  the  principal  areas  where  the  Coal 
Measures,  carrying  coal-beds  in  this  field,  are  still  to  be 
found.  Special  names  have  been  assigned  to  the  individual 
patches  of  coal  measures,  which  names,  in  certain  communi- 
ties, liave  been  used  to  some  extent  to  designate  the  greater 
or  entire  portion  of  this  coal-field.  That  portion  of  the  field 
in  Wyoming  county  is  more  generally  described  as  the 
Mehoopany,  since  the  Mehoopany  creek  and  its  branches 
drain  the  largest  portion  of  its  area,  while  that  section  of 
the  field  in  Sullivan  county,  which  is  drained  by  the  Big 
Loyalsock  creek  and  its  branches,  has  been  generally  known 
as  the  Loyalsock  Coal-field. 

The  principal  coal  area  in  Sullivan  county  exists  in  the 
immediate  vicinity  of  Bernice,  and  is  almost  exclusively 
the  property  of  the  State  Line  and  Sullivan  R.  R.  Co. 
The  smaller  part  of  the  area  being  owned  by  the  heirs  of 
the  Jackson  Estate.  This  special  district  is  frequently 
spoken  of  as  the  Loyalsock ;  sometimes  as  the  Bernice,  since 
the  mining  village  of  Bernice,  on  account  of  the  important 
mining  which  has  been  carried  on  in  its  immediate  vicinity, 
is  better  known  than  any  other  town  in  the  county. 

*In  the  floath-eastem  corner  of  Susquehanna  county,  the  high  summits 
which  are  such  prominent  features  of  the  topography  of  tliis  part  of  the  8tate, 
on  one  of  which  has  been  estab  ished  a  triangulation  station  of  the  U.  S.  Coast 
and  Geodetic  Survey,  are  also  known  as  the  Elk  mountains;  they  might  be 
more  correctly  called  the  Elk  knobs.  North  Elk  knob  has  an  elevation  above 
tide  of  2700  feet,  and  South  Elk  knob,  one  mile  away,  an  elevation  of  2675 
feet.  (Report  Gb,  p.  186.) 
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In  1878  Mr.  Franklin  Piatt,  late  Assistant  Geologist  of 
the  Survey,  made  a  general  examination  of  this  coal-field 
and  also  of  the  coal  areas  in  Lycoming  county,  and  his  re- 
port has  been  published  with  considerable  detail  in  Report 
GG,  which  relates  to  the  geology  of  Lycoming  and  Sullivan 
counties.  At  the  time  that  the  earlier  examination  was  un- 
dertaken, no  accurate  surveys  had  been  made  of  the  Bernice 
coal-basin,  and  since  Mr.  Piatt  had  no  opportunity  then  to 
make  such  instrumental  surveys,  his  examination  was  ne- 
cessarily incomplete.  In  that  portion  of  the  field  in  Wyom- 
ing county  a  greater  want  has  always  existed  for  some  map 
of  the  region  than  even  in  Sullivan  county. 

During  the  past  three  yeai's,  both  before  and  since  the 
State  Line  and  Sullivan  R.  R.  passed  intothe  Lehigh  Valley 
R.  R.  Co.'s  hands  under  lease,  this  latter  company  made 
extensive  surveys  between  the  terminus  of  the  State  Line 
and  Sullivan  R.  R.,  at  Bernice,  and  prominent  poiifts  on 
the  Susquehanna  river,  between  Tunkhannock,  in  Wyom- 
ing county,  and  Shickshinny,  in  Luzerne  county.  These 
surveys  have  been  directed  by  Mr.  A.  W.  Stedman,  Chief 
Engineer  of  the  Lehigh  Valley  R.  R.,  and  have  been  under 
the  immediate  charge  of  Mr.  J.  Benton  Brown,  Assistant 
Engineer.  The  maps  and  notes  of  these  surveys  have  been 
placed  at  the  disposal  of  the  Geological  Survey. 

In  the  spring  of  1883  a  special  examination  of  the  Loyal- 
sock  and  Mehoopany  field  was  planned  which  should  show 
the  local  geological  structure  of  the  coal-basins  and  their 
connection  with  the  south-western  end  of  the  Northern 
Coal-field,  by  maps  and  sections.  The  consummation  of  this 
plan  was  prevented  by  the  exhaustion  of  the  funds  of  the 
Survey,  a  subsequent  restricted  appropriation  and  conse- 
quent reduction  in  the  size  of  the  field  corps. 

Topographical  Map, 
An  offer  was  made  on  the  part  of  the  State  Line  and  Sul- 
livan R.  R.  Co.,*  to  put  a  topographical  corps  in  the  field, 
under  the  direction  of  the  Geological  Survey,  and  construct 
a  contour  curve  map  of  that  portion  of  the  Bernice  coal- 
basin,  situated  on  their  property  if  the  Survey  would  under- 
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take  to  extend  the  map  beyond  the  company's  tract,  to  in- 
clude the  topography  of  the  whole  basin,  i>ublishing  the 
combined  maps  with  such  geological  notes  as  might  be  made 
during  the  progress  of  the  work.  This  proposition  was  ac- 
cepted, and  a  survey  of  the  property  of  the  State  Line  and 
Sullivan  R.  R.  Co.  was  made  by  Mr.  P.  E.  Alden ;  subse- 
quently Mr.  E.  B.  Harden,  under  my  direction,  and  aided 
at  different  times  by  Messrs.  GriflSth,  Halberstadt,  and 
Clarence  R.  Claghorn,  extended  the  map  to  include  all  the 
coal  areas  adjoining  the  company's  property. 

After  the  completion  of  the  topographical  map,  I  made 
a  personal  examination  of  the  geology  of  the  entire  area 
embraced  by  it,  in  company  with  Messrs.  Alden  and  Clag- 
horn, in  July,  1884,  and  from  these  observations  the  geology 
contained  on  the  topographical  map  accompanying  this  re- 
port was  outlined. 

The  outcrop  of  the  bottom  of  coal-bed  B,  (so  called,) 
which  is  the  bed  being  mined  by  the  company,  and  a  por- 
tion of  the  outcrop  of  the  underlying  coal-bed  A,  together 
with  portions  of  the  outcrop  of  the  bottom  of  the  Potts- 
ville  Conglomerate,  No.  XII,  as  defined  on  this  map,  could 
only  be  approximately  determined  on  account  of  the  very 
few  exposures  and  the  limited  explorations  which  had  been 
made,  beyond  the  areas  actually  exploited  by  the  com- 
pany's mines.  These  geological  lines  are,  however,  as  ac- 
curately located  on  the  map  as  has  been  possible  without 
opening  additional  drifts  along  the  outcrop  of  the  coal-beds, 
by  sinking  additional  shafts,  and  by  boring  additional  drill- 
holes. West  of  a  north  and  south  line  drawn  through 
Drift  No.  6  on  this  map,  the  limits  assigned  to  these  two 
geological  horizons  were  determined  with  more  certainty 
than  those  east  of  the  same  line  since  coal-bed  B  within  the 
former  area  has  been  extensively  worked  and  explored  by 
the  company,  and  the  area  which  it  underlies  and  the  depth 
of  the  bed  below  the  surface  are  known  with  certaintv. 

The  dip  of  the  coal  measures  in  some  of  the  areas  cov- 
ered by  the  map  coincide  so  nearly  with  the  slope  of  the 
surface  of  the  ground  that  it  has  been  impossible  with  any 
degree  of  accuracy  to  geometrically  construct  the  approxi- 
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mate  out-crops  of  the  coal-beds  or  conglomerate,  where  but 
few  exposures  were  found  and  almost  no  explorations  had 
been  made.  This  would  apply  particularly  to  the  area  re- 
ferred to  east  of  a  north  and  south  line  through  Drift  No.  6. 
Within  the  area  of  the  main  portion  of  the  basin  the  dark- 
est tint  on  the  map  represents  the  area  underlaid  by  bed  B, 
or  the  bed  which  is  at  present  being  mined  ;  the  next  lighter 
shade  represents  the  area  underlaid  by  bed  A,  as  nearly  as 
could  be  determined. 

In  the  northern  part  of  the  map,  where  bed  A  and  bed  B 
do  not  exist,  but  where  the  outcrop  of  the  top  of  the  Mauch 
Chunk  Red  Shale,  No.  XI,  is  to  be  found,  the  lighter  shade 
extends  down  to  the  top  of  No.  XI  or  the  bottom  of  the 
Pottsville  Conglomerate,  No.  XII.  This  explanation  is  not 
needed  for  a  practical  appreciation  of  the  accompanying 
map,  but  is  made  for  the  use  of  geologists  who  may  ex- 
amine the  areas  which  are  included  on  the  map  and  which 
are  of  no  commercial  value  for  coal. 

EleDations. 

The  following  is  a  list  of  the  elenations^  above  tide^  of 
prominent  points  in  the  Bernice  coal-basin  ;* 

Feet. 

Junction  of  Loyalsook  and  Biroh  creeks, 1500 

Meylert  opening  on  coal- be  1  A 1881 

B.  M.  at  S.  E.  corner  company's  property  on  Loyalsook 

creek,  1618 

Top  of  air-flbaft  near  old  Jackson  drift, 1866 

Mouth  of  old  Jackson  drift,  1989 

Opening  on  coal-bed  A,  near  old  Jackson  drift,     1876 

Drift  No.  4,         1908 

DriaNo.  1,       • 1881 

N.  W.  corner  company's  property  at  No.  5  opening,  ....  1930 

Road  at  Sbinersville  school-house 2047 

Bernice,  (Junotionof^^agon  roads  near  store,) 1899 

Schaad's  hotel,  1835 

No.  6  drift,  (east  of  turnpike,) 1877 

Ackley'sBaw  mill,  (water,) 1850 

*The  original  levels  run  by  Mr.  P.  E.  Alden  w  ere  based  upon  an  assumed 
datum  plane  98.5  above  tide,  so  that  to  all  the  elevations  noted  on  Alden *s 
orginal  map,  98.5  feet  have  been  added,  to  reduce  the  same  to  the  tide-water 
datum  of  the  Lehigh  Valley  Railroad. 
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FteU 

Shaft  on  bottom  bench  Coal-bed  B.  near  Aokley's  sawmill,  .  1911 

**       middle      "               »«        •*        «•        »«               "          .  1938 

Eight-foot  opening,  (top  of  coal-bed, ) 1903 

lleiss  opening,  (top  of  coal-bed,)      2036 

P.  Caugley's  house, 2031 

Stroud's  eaw  mill, 2067 

Tamarack  swamp,        1987 

Top  of  bore-hole  on  turnpike,                           .   .          ....  1910 

Topofair-shaftsouthofBernice,  (22  feet  to  coal-bed,)    .   .   .  1932 

Bernice  Mines, 

The  mines  of  the  State  Line  and  Sullivan  R.  R.  Co.  have 
been  driven  exclusively  in  Coal-bed  B,  which,  as  is  shown 
in  the  sections  of  the  coal  measures  referred  to  later,  is 
about  60  feet  above  Coal-bed  A,  the  latter  being  geolog- 
ically the  lowest  coal-bed  which  has  been  found  in  the  coal 
measures  of  (he  basin.  The  mines  are  situated  immediately 
to  the  south  and  west  of  Bernice  village,  and  lie  in  two 
l)rominent  and  independent  areas.  The  mines  in  the  west- 
ern area,  which  is  partly  on  the  mining  company's  tract  and 
partly  on  the  tract  of  the  Jackson  estate,  are  generally 
spoken  of  as  the  Jackson  mines.  All  the  coal  which  has 
recently  been  mined  from  this  area  has  been  brought  out 
of  Drift  No.  4. 

The  larger  area  lies  exclusively  on  the  property  of  the 
company  and  immediately  south  of  the  Bernice  breaker. 
All  the  coal  which  has  recently  been  mined  from  the  latter 
area  has  been  brought  out  of  Drift  No.  3,  the  nearest  open- 
ing to  the  breaker. 

Drifts  Nos.  1  and  2  are  connected  with  this  latter  area. 
On  the  larger  scale  mine  map*  the  areas  which  are  worked, 
in  both  the  bottom  and  top  benches  of  the  bed,  are  shown 
by  distinctive  shadings  in  each  case.  This  map  was  brought 
up  to  the  stage  of  the  developments  which  had  been  made 
prior  to  February,  1884.     A  recent  examination  made  of 

♦A  plan  of  the  mines  is  shown  with  great  minuteness  on  the  topographical 
map  of  the  Loyalsock  basin,  contained  in  the  Atlas  accompany: ing this  report. 
The  mines  are  represented  on  two  independent  scales ;  tirst,  on  a  scale  of  800 
feet  to  one  inch,  and  second,  on  a  scale  of  1600  feet  to  one  inch.  The  latter 
representation  is  placed  in  its  proper  relation  to  the  surrounding  areas  on  the 
topographical  map. 
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the  mine  maps,  brought  up  to  November,  1886,  sliowedthat 
very  little  working  had  been  done  beyond  the  limits  of  the 
published  map,  most  of  the  coal  during  the  past  two  years 
having  been  mined  inside  of  the  limits  of  the  mapped  area. 

The  Bernice  coal  being  much  softer  than  most  of  the 
free-burning  white  ash  anthracites,  the  coal  is  broken  by 
machinery  which  is  peculiar  to  the  Bernice  breaker. 

"In  the  breaker  a  massive  plate,  fitted  wi-th  iron  teeth, 
takes  the  place  of  the  crushers.  This  plate  in  descending 
strikes  the  coal  lumps,  and,  taking  advantage  of  the  ten- 
dency of  the  coal  towards  a  partial  cubical  structure, 
easily  splits  the  lumps  into  pieces  of  varying  size,  and  prac- 
tically turns  out  about  the  same  i^roportion  of  the  various 
sizes  of  coal  as  the  average  at  collieries  in  the  anthracite  re- 
gions."* 

The  capacity  of  this  breaker  is  about  100,000  tons.  Dur- 
ing the  past  three  years  the  shipments  of  coal  from  the 
breaker  have  been  as  follows :  1883,  84,376  tons  ;  1884, 
84,661  tons;  1886,  73,117  tons. 

Description  of  Coal-bed  A. 

The  only  areas  in  the  Bernice  basin  commercially  valu- 
able for  mining  purposes  are  those  underlaid  by  coal-bed 
B.  Developments  made  in  coal-bed  A  give  no  promise  of  a 
workable  bed. 

The  Meylert  opening,  near  the  western  end  of  the  basin, 
is  on  coal  bed  A.  This  opening  had  fallen  shut  when  vis- 
ited, but  the  bed  is  reported  to  have  been  found  two  feet 
thick. 

In  February,  1886,  the  Meylert  drift  was  re-oi)3ned  by 
Mr.  C.  R.  Claghorn,  Assistant  Superintendent  of  the  mines 
of  the  S.  L.  &  S.  R.  R.  Co.  His  report  is  as  follows :  "The 
coal  is  bright,  shining,  and  hard,  and  makes  a  very  good 
showing.  I  doubt,  from  the  condition  I  found  the  drift  in, 
that  any  one  has  been  to  the  face  for  a  number  of  years  to 
obtain  specimens  for  analysis.  1  measured  the  following 
sections,  showing  the  slight  thickening  of  the  coal  from  the 
outcrop : 

♦Report  GG,  page  183. 
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No.  1, 12'  from  drift  mouth. 

Sandstone, ? 

Slate  roof, ? 

Coal^ 8  ' 

Slate  and  bone, 9" 

Coal, 9" 

Bone, 8" 

Slate, bottom. 

Total  ooal, 1' 

No.  2,  at  face,  150'  from  mouth. 

Sandstone, ? 

Slate  roof, ? 

Coal, 8  " 

Slate  and  bone, 6" 

Coal, 11 " 

Bone, 8' 

Slate, bottom. 

Total 1'2"* 

A  number  of  large  lumps  were  taken  from  the  bed  at  the 
face  of  the  drift,  and  analyzed  by  Messrs.  Salom  and 
Westesson,  with  the  following  results : 

Moisture, 1.43 

Volatile  matter, 10.17 

Fixed  carbon, 85.72 

Ash 2.68 

100.00 

Sulphur, 0.12 

Carbon  ratio, 1 ;  8.4 

In  the  run,  45  feet  below  the  Meylert  opening,  there  is  an 
outcrop  of  red  shale,  evidently  the  top  of  the  Mauch  Chunk 
Red  Shale  formation,  No.  XI.  It  is  estimated  that  there  is 
at  least  40  feet  of  sandstone  and  conglomerate  under  the 
coal-bed  A  at  this  point,  representative  of  the  lower  part  of 
the  Fottsville  Conglomerate,  No.  XII.  Below  the  opening 
on  coal-bed  A,  in  the  vicinity  of  the  Old  Jackson  drift, 
there  is  probaby  40  or  50  feet  of  sandstone  and  conglomer- 
ate representing  the  same  stratum. 

The  only  other  point  in  the  Bernice  basin  where  coal-bed 
A  has  been  certainly  opened  is  at  the  fleiss  opening,  nearly 

two  miles  north-east  of  Bernice.     The  coal-bled  at  this  point 

— — ^^— ^ » ■ 

*If  the  bottom  <*bone"  should  be  included  in  the  bottom  ooal-bench,  the 
bed  might  be  called  a  two-foot  bed. 
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varies  from  10  inches  to  2  feet  thick,  is  very  rauch  faulted, 
and  the  rocks  overlvin^  it  are  false-bedded. 

The  following  is  a  section  compiled  from  observations 
taken  in  the  Jackson  air-shaft,  between  the  old  Jackson 
drift,  Mine  No.  5,  and  opening  on  coal-bed  A,  and  shows 
the  relationship  of  bed  A  to  bed  B. 

1.  Soil, 6'  0" 

2.  Gray,  micaceous,  shaly  sandtftone, 6'  3'' 

3.  Gray  slaty  shale,  ...  2'  0" 

4.  Coa^  top  bench,     4'  0" 

o.  Slate  and  bony  coal, 0'  9" 

6.  Coal,  middle  bench, 1'  2" 

7.  Slate  and  bony  coal, 1'  3" 

8.  Coal,  0'  4" 

9.  Sandy  slate,        0'  3" 

10.  Coal,  bottom  bench, 3'    10" 

11.  Fire-clay,     4'^ 

12.  Interval, 5'  0' 

13.  Sandstone  and  conglomerate,      45'  0'' 

14.  Black  slate, 6'  0" 

15.  Coal-bed  A,      1'  11' 

16.  Slate, 0'  3" 

17.  Fire-clay,  7-8'  0" 

18.  Hard  sandstone,         22'  0' 

19.  Conglomerate  and  sandstone, 30'  0' 


4-11.  CoaUhedB.  ^ 


Total,      148'      0" 


Prior  to  the  control  of  the  Bernice  coal  projDerty  by  the 
present  company,  a  bore-hole  was  sunk  from  the  floor  of  bed 
B  in  mine  No.  4,  about  300  feet  from  the  outcrop,  to  the  esti- 
mated level  of  bed  A,  in  order  to  determine  whether  bed  A 
existed  with  workable  dimensions.  The  strata  passed 
Through  in  this  hole  were  rei)orted  to  be  as  follows  : 

1.  Fire-clay  (floorof  bed  B,) 16' 

2.  Drab  rook,  very  hard, 10' 

3.  Hard  sandstone,     20' 

4.  Fire-clay, 6' 

5.  Slate, 4^ 

6.  Dark  slate  and  coal, 10' 

7.  Sandstone,  (bore-hole  stopped  in  this  sandstone,) — 

Total, 64' 


Mr.  Piatt,  in  referring  to  this  record,  says  : 
•*  There  were  not  6  inches  of  coal  in  all  the  dark  slate  and 
clay  which  occupy  the  horizon  of  the  lower  coal-bed.     It 
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may  be  that  the  bore-hole  has  passed  through  only  a  wash- 
out of  the  lower  coal,  which  would  prove  small  and  have 
the  bed  on  all  sides  in  good  order ;  but  there  is  so  much 
irregularity  in  these  measures  in  the  Bernice  basin  as  to 
prevent  any  great  hopefulness  for  improvement  or  per- 
sistency." 

All  the  information  it  is  possible  to  obtain  bearing  upon 
the  probable  existence  of  bed  A  with  a  thickness  sufficiently 
great  to  make  it  profitable  to  mine,  points  to  the  conclusion 
that  very  little  hope  can  ever  be  entertained  of  the  coal-bed 
being  found  in  such  a  favorable  condition.  Two  specimens 
of  coal-bed  A  were  collected  from  the  prospecting  drift  in 
this  bed,  below  the  old  Jackson  drift,  one  in  1877  and  one 
in  1884.  Analyses  of  both  of  these  specimens  were  made 
by  Mr.  McCreath.     They  are  as  follows  : 

1.  2. 

Water, 4.130  8.670 

Volatile  matter, 15.270  16.420 

Fixed  carbon, 67.362  71.341 

Sulphur, 623  .694 

Ash, 12.716  8.976 

100.000      100.000 

Color  of  ash, reddish  gray,   cream. 

Carbon  ratio, 1 :  4.4  1 :  4.6 

Specimen  No.  1  was  collected  by  Mr.  Piatt  in  1877,  and 
specimen  No.  2  by  myself  in  1884,  analysis  of  the  latter 
being  made  in  November,  1885.  Although  the  amount  of 
ash  contained  in  the  analysis  of  the  first  specimen  col- 
lected is  considerably  more  than  that  contained  in  the 
second,  the  analyses  in  other  respects  are  very  similar. 
The  difference  in  the  ash  is  readily  accounted  for.  Subse- 
quent to  1878,  when  the  first  specimen  was  collected,  the 
opening,  from  which  these  coals  were  collected,  was  driven 
several  feet  further  in  the  hill,  and  specimen  No.  2  was  ob- 
tained further  from  the  outcrop  than  specimen  No.  1,  and, 
therefore,  the  coal  was  more  solid  and  cleaner.  Mr.  Mc- 
Creath, in  making  special  reference  to  his  examination  of 
specimen  No.  1,  says  : 

''The  coal  does  not  yield  a  coke  and  the  gases  burn  with 
a  very  feebly  luminous  flame. 
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The  coal  after  being  dried  begins  to  absorb  water  rap- 
idly, and  in  two  hours  has  re-absorbed  about  60  per  cent, 
of  tlie  water  originally  present.  This  amount  is  not  in- 
creased by  longer  exposure. 

•*0n  drying,  at  2250  F.,  the  ooal  loses, 4.18 

at  2450  F.,  the  loss  is  the  same. 

at  2600  F.,  the  loss  is 4.19 

at  340O  F.,  the  loss  is 4.69 

at  a  dall  red  heat  the  loss  is 12.59 


''But,  in  all  these  experiments,  the  water  re-absorbed  is 
about  the  same;  that  is,  the  coal  re-absorbs  about  2.48 
parts  of  water. 

"Irrespective,  therefore,  of  the  amount  of  water,  &c., 
driven  off  by  heat,  the  portion  re-absorbed  is  practically 
constant,  and  this  property  is  not  destroyed  even  after  all 
the  volatile  matter  has  been  driven  off." 

These  analyses  are  of  no  pi'actical  value,  since  the  bed 
from  which  thej'  have  been  obtained  cannot  be  profitably 
mined,  but  they  are  of  great  interest,  (1,)  in  proving  the 
existence  of  a  bituminous  coal-bed  underlying  the  bed 
which  is  mined,  which  is  a  semi-anthracite,  in  accordance 
with  the  classification  which  has  already  been  referred  to 
in  this  report ;  and  (2,)  in  showing  a  remarkable  peculiarity 
which  the  coal  possesses  of  re-absorbing  water  after  it  has 
been  once  driven  off. 

The  analysis  of  the  sample  from  coal-bed  A,  which  was 
obtained  from  the  Meylert  opening  by  Mr.  C.  R.  Claghorn, 
already  referred  to,  shows  quite  a  different  composition  for 
bed  A  at  this  point  than  at  the  Jackson  oi)ening.  The 
Meylert  sample  shows  85.72  per  cent,  of  fixed  carbon  and 
only  10.17  of  volatile  matter,  the  carbon  ratio  of  the  coal 
being  8.4  under  the  classification  referred  to  in  this  report. 
(See  page  301.) 

The  Meylert  coal  is  a  semi-anthracite,  or,  according  to  the 
trade  classification,  would  have  to  be  called  a  true  anthra- 
cite. 

In  the  two  samples  of  coal  collected  from  the  Jackson 
opening,  of  which  analyses  are  given  above,  the  carbon  ra- 
tio is  practically  the  same,  being  4.4  in  one  case  and  4.6  in 


—  -I 
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the  other  case ;  the  fact  that  the  first  sample  contains  as 
much  as  13  per  cent,  of  ash  and  the  second  only  about  9  per 
cent.,  has  nothing  to  do  with  the  classification  of  the  coal, 
since  the  ash  in  all  methods  of  chemical  classification  based 
upon  composition  is  considered  an  accidental  impurity. 
The  difference  between  the  Meylert  coal  and  the  Jackson 
coal,  however,  proves  very  decidedly  one  fact ;  that  is,  that 
the  coal  contained  in  bed  A  is  of  variable  composition,  the 
carbon  ratio  being  greater  at  one  locality  than  at  another. 
This  is  not  an  unusual  occurrence,  since  explorations  con- 
ducted not  only  in  the  Pennsylvania  coal-fields,  but  in 
foreign  fields,  have  shown  that  no  one  coal-bed  can  be  ex- 
pected to  have  a  fixed  composition  as  far  as  the  relative  j^ro- 
portions  of  fixed  and  volatile  hydro-carbons  are  concerned, 
although,  in  some  instances,  a  coal-bed  may  have  an  un- 
changeable composition  over  a  greater  area  than  in  other 
cases.  In  the  case  of  bed  A,  in  the  Bernice  field,  the  car- 
bon ratio  in  a  distance  of  less  than  a  mile  and  a  half  is 
found  to  change  from  4.4  to  8.4. 

Description  of  Coal-bed  Ji, 

The  principal  economic  interest  which  is  attached  to  this 
portion  of  the  Loyalsock  field  is  the  existence  here  of  a 
valuable  workable  semi-anthracite  coal-bed.  The  bed  oc- 
curs under  geological  conditions  similar  to  those  which  gen- 
erally obtain  throughout  the  bituminous  regions  of  the 
State,  but  the  coal  has  a  composition  which  of  itself  would 
entitle  it  to  rank  higher  in  the  trade  than  some  of  the  softer 
coals  mined  from  the  anthracite  region  proper ;  yet  the 
Bernice  coal  has  the  physical  properties  and  structure  of 
many  of  the  Pennsylvania  bituminous  beds,  and  is  itself 
underlaid  by  a  bituminous  bed.  This  anthracite  bed  has  been 
explored  and  extensivelj''  mined  in  the  vicinity  of  Bernice. 
The  area  under  which  this  coal-bed  is  supposed  to  laj^  is 
shown  by  the  darkest  shade  on  the  accompanying  map,  (see 
Atlas  of  Annual  Report,)  and  the  area  of  the  bed  which  is 
worked  is  shown  by  a  map  of  the  mine  placed  in  its  proper 
position  relative  to  the  surrounding  topographical  features. 

There  seems  to  be  but  little  doubt  that  the  Bernice  coal- 
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beds  are  the  true  geological  representatives  of  the  Lykens 
Valley  coal-beds  which  are  fonnd  in  the  Pottsville  Conglom- 
erate No.  XII,  generally  thronghout  the  anthracite  region, 
but  which  are  most  favorablv  known  from  tlieir  occurrence 
in  the  Lykens  Valley  district,*  at  tlie  western  end  of  the 
Sontliern  anthracite  field,  where  ihey  are  found  with  their 
maximum  thickness  and  purity  and  have  been  extensively 
mined.  The  identity  of  the  Bernice  beds  with  the  Lykens 
Valley  beds  is  a  matter  of  more  importance  to  geologists 
than  to  the  coal  trade  and  coal  consumers,  since,  in  a  dis- 
tance of  5.1  miles  between  the  Lvkens  Vallev  and  Bernice 
coal-fields,  it  would  be  more  natuml  for  the  coals  to  have 
changed  their  characters  as  far  as  their  value  as  a  .fuel  is 
concerned  than  that  their  characteristics  in  this  respect 
should  remain  the  same. 

In  the  main  gangwny  of  the  old  Jackson  mine,  200  feet 
west  from  the  property  line  separating  the  Jackson  estate 
from  the  property  of  the  State  Line  and  Sullivan  Railroad 
Company,  the  following  section  was  measured  of  Bed  B: 

Sandstone  roof. 

Coal,  top  beuch, -S'  4" 

Bony  coal  and  slate, 0'  8" 

Coal,  middle  bench, 1'  4" 

Slate  and  bony  coal, 1'  0" 

Coal, 0'  6" 

Sandy  slate, 0'  6'* 

Coal,  bottom  bench, 4'  0" 

Fire-clay  floor. 

Total  C3al, 9'    1'* 


The  bottom  bench,  which  is  4  feet  thick  in  the  above  sec- 
tion, has  a  thickness  of  5  feet  about  300  feet  west  of  where 
this  section  was  measured. 

Near  the  Jackson  air  shaft  the  following  section  of  bed 
B  was  measured : 

Gray  slaty  shale  roof, 2'  0" 

Coal,  top  bench,       4'  0' 

Slate  and  coal,  0'  9" 

Coal,  middle  bench, 1'  2" 

Slate  and  bony  coal, .  1'  S' 

*The  Lykens  Valley  district  indades  the  Broolcside  colliery. 
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Coal, 0'    4 

Sandy  slate,     0'    8" 

Coal,  bottom  bench, 8'  10" 

Fire-clay  floor, 4'    0" 


Total  coal,     9'    4" 


I  At  a  point  a  short  distance  from  opening  No.  5  the  same 

'  bed  measured  as  follows  : 

I 

I  Sandstone  roof. 

j  Cyal,  top  beach,       3'    0" 

I  Slate.  1'    0' 

Coal,  middle  bench, 1'    3" 

Slate  and  bony  coal, 2!    0" 

Coal, \ 8'  10" 

,  Total  coal, 8'    1" 


These  three  sections  of  the  Jackson  mine  are  sufficient  to 
show  that  although  the  individual  portions  of  the  coal-bed 
are  subject  to  local  variations,  as  to  thickness,  yet  the  thick- 
ness of  coal  at  any  part  of  the  mine  is  sufficiently  great  to 
make  the  bed  a  valuable  one  for  practical  operations. 

No  analysis  was  made,  by  the  Survey,  of  the  coal  from 
this  mine ;  the  character  of  the  coal,  however,  is  such  that 
no  marked  variations  would  be  found  between  its  composi- 
tion and  that  taken  from  the  larger  mine  to  the  east. 

Accompanying  the  topographical  map  of  the  Loyalsock 
basin  is  published  a  map  of  the  mines,  drawn  to  a  scale  of 
800  feet  to  1  inch,  and  brought  up  to  the  last  surveys  made 
by  Mr.  P.  E.  Alden,  in  February,  1884.  This  map  was 
examined  by  Mr.  Clarence  R.  Claghorn,  the  present  min- 
ing engineer  of  the  State  Line  and  Sullivan  R.  R.  Co.,  in 
November,  1885.  Although  during  the  interval  between 
these  two  dates  probably  as  much  as  125,000  tons  of  coal 
had  been  shipped  from  this  mine,  no  great  extension  had 
beeu  made  of  the  mine  workings  beyond  those  shown  on 
the  accompanying  map. 

A  number  of  sections  have  been  measured. of  coal-bed  B, 
in  this  mine.  At  a  point  300  feet  south  from  the  mouth 
of  Mine  No.  3,  the  bed  measured  as  follows : 
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Coarse  sandstone  roof. 

Coalf  top  bench, 3'  0" 

Fire-clay, 2'  6' 

Coal,  middle  bencli, 1'  6" 

Slate,             1'  1" 

Coal,         .                0'  4" 

Very  hard  sandy  fire-clay, 0'  8" 

Coal,  bottom  bench, 4'  0" 

Fire-clay  floor, 4'  0" 


Total  coal, 8'  10^^ 

In  some  places  in  this  mine  tlie  fire-clay  underlying  the 
bottom  bencli  has  been  proved  to  be  more  than  10  feet  thick. 

In  portions  of  the  Jackson  mine  and  the  State  Line  and 
Sullivan  R.  R.  Co.'s  mine,  the  bottom  and  top  benches  of 
the  coal-bed  are  so  far  separated  that  they  are  mined  inde- 
pendently of  one  another.  About  800  feet  south-east  of 
the  point  where  the  above  section  was  measured,  the  top 
and  middle  benches  are  7  feet  apart,  but  about  200  feet 
further  east  from  this  latter  point  the  top  and  middle 
benches  are  11  feet  apart.  When  the  top  and  middle 
benches  separate,  the  interval  between  the  bottom  and  mid- 
dle bench  also  thickens  and  the  middle  bench  becomes  so 
far  removed  from  the  bottom  bench  that  it  cannot  be  mined 
with  it. 

Mr.  Clarence  R.  Claghorn,  in  November,  1885,  reported 
that  the  bottom  and  top  benches,  at  a  point  1400  feet  south 
of  the  mouth  of  opening  No.  1,  were  17  feet  apart. 

A  bore-hole  was  drilled  about  1000  feet  south  of  east  of 
opening  No.  1,  the  record  of  which  is  reported  as  follows  : 

Surface,  1866'  above  tide. 

1.  Sandstone, 30'  0" 

2.  Coal, 8'  0 " 

3.  Slate, 11'  0" 

4.  Fire-clay, 20'  0  ' 

5.  Slate,       4'  0  " 

6.  Fire-clay, 10'  0  " 

7.  Coal, r  3" 

8.  Slate,       2'  0" 

9.  Fire-clay, 9'  0 " 

10.  Coal, 6'  0 " 


t      a.t 


95'    8 
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Strata  Nos.  2,  7,  and  10  in  this  section  are  supposed  to 
represent  tiie  top,  middle,  and  bottom  benches  of  coal-bed 
B.  In  drift  No.  6  the  following  section  of  the  bed  was 
measured : 

Coarse  ferruginous  sandstone  roof, 15' -|- 

Coal, 0'  9' 

Slate, 0'  2" 

Coaly ^ 4'  6" 

Fire-clay  floor. 

Total  coal, 6'  2" 

The  elevation  of  the  mouth  of  opening  No.  6  is  1877.6 
feet  above  tide. 

At  a  point  indicated  on  the  map,  about  1100  feet  south- 
east of  Stroud  and  Ackley's  saw-mill,  a  shaft  was  sunk  to 
the  bottom  bench.  The  elevation  of  the  top  of  the  shaft  is 
1911.16  feet  above  tide.  The  elevation  of  the  bottom  of  the 
coal  is  unknown,  but  it  would  probably  be  about  1881.5  feet 
above  tide.  It  would  therefore  appear  that  the  coal-bed 
dips  from  both  this  opening  and  the  shaft  opening  near  the 
saw-mill,  toward  No.  6  drift.  The  coal-bed  also  dips  from 
the  mouth  of  this  drift  towards  its  face ;  in  consequence, 
no  mining  has  been  carried  on  at  this  i)oint,  since  the  drift 
goes  below  water-level.  It  is  reported  that  the  shaft  to  the 
bottom  bench  was  11  feet  deep,  the  thickness  of  the  coal-bed 
being  about  5  feet,  the  coal  being  overlaid  by  sandstone. 

A  drift  has  been  driven  on  a  coal-bed  on  Pigeon  run,  lo- 
cated on  the  map  at  an  elevation  of  1902.5  feet  above  tide. 
This  drift  had  fallen  shut  when  it  was  visited,  but  it  was  re- 
ported that  8  feet  of  coal  had  been  opened.  It  is  probable 
that  this  opening  w^as  made  in  the  bottom  bench  of  the 
coal-bed. 

Although  considerable  exploration  work  will  have  to  be 
done  before  it  can  be  stated  with  certainty  the  area  in  the 
Bernice  basin  underlaid  by  coal,  or  the  average  thickness  of 
coal-beds  which  can  be  mined  under  this  area,  yet  the  facts 
which  are  at  hand  are  sufficient  to  show  that  at  the  rate  of 
mining  carried  on  in  the  past  there  is. sufficient  coal  in  this 
basin  to  last  for  many  years. 

No  estimates  have  been  made  by  the  Survey  as  to  the  area 
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which  may  be  safely  assumed  to  confciin  coal  of  a  given 
thickness.  In  the  report  of  the  State  Line  and  Snllivan  E. 
R.  Co.,  of  December  1,  1885,  it  is  estimated  that  on  the 
proi>erty  of  this  company  alone  there  are  3000  acres  under- 
laid by  coal,  and  it  is  estimated  that  in  this  area  there  is 
contained  20,(XX),(JiX)  tons  of  coal. 

The  amount  of  coal  contained  under  each  acre  will  aver- 
age about  10,000  tons,  making  a  total  of  30,0CK),000  tons.  Of 
this  total  amount  it  is  computed  that  20,000,000  tons  can  be 
brought  out  of  the  mines,  4,0(X),000  out  of  that  portion  of 
the  property  at  present  opened,  with  necessary  gangways, 
etc.,  and  the  remaining  16,000,000  tons  in  the  area  that  is 
at  present  untouched.  These  figures  are  stated  under  the 
autliority  of  the  company  and  no  comment  can  be  made  in 
regard  to  them,  since  the  Survey  has  made  no  si)ecial  inves- 
tigation of  the  subject. 

Composition. 

The  coal  from  the  Bernice  basin  is  probably  more  marked 
than  any  other  coal  mined  in  Pennsylvania,  having  the 
structure  and  physical  appearance  of  a  bituminous  coal  and 
the  composition  of  an  anthracite  coal. 

The  high  j^ercentage  of  fixed  carbon  in  this  coal,  the  small 
amount  of  gas  which  is  evolved  upon  heating,  and  the  non- 
coking  properties  of  the  coal  render  it  an  unsatisfactory  fuel 
to  bituminous  consumers. 

Not  until  the  Geological  Survey  had  made  numerous  an- 
alyses of  the  Bernice  coal,  and  had  shown  that  it  possessed 
a  composition  which  would  entitle  it  to  be  called  an  anthra- 
cite more  than  some  of  the  softer  anthracites  mined  from 
the  western  part  of  the  anthracite  region,  and  until  the 
operators  had  designed  a  mechanical  method  of  preparing 
the  coal,  and  had  succeeded  in  removing  the  prejudice  of 
the  coal  trade  and  consumers  against  the  coal  which  thev 
had  always  been  disposed  to  regard  as  bituminous  and  not 
anthracite,  was  the  coal  rated  by  the  trade  either  as  a  com- 
peting fuel  of  the  soft  anthracites  or  as  a  specialty. 

The  free-burning  character  of  this  coal,  the  property  it 
possesses  of  continuing  to  burn  under  conditions  in  which 
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fires  raade  of  other  coals  would  go  out,  the  easy,  complete 
combustion  of  the  carbon  in  the  coal,  and  the  open  like  ten- 
dency of  the  ash,  which  results  from  combustion,  and 
which  seldom  has  a  tendency  to  clinker,  renders  the  coal  a 
desirable  fuel. 

Many  of  the  analyses  which  have  been  made  of  this  coal 
have  already  been  published  in  Mr.  Piatt's  Report  GG,  on 
the  Bernice  Coal-basin,  and  in  Mr.  McCreath's  Second  Re- 
port of  Progress  of  the  Laboratory  of  the  Survey,  Report 
MM.  These  are  reproduced  here  for'^comparison,  together 
with  additional  analyses  made  by  Mr.  McCreath  in  Novem- 
ber, 1885. 

"  Specimens  of  the  three  benches  of  coal  in  bed  B,  as 
mined  at  Bernice,  were  forwarded  to  the  Laboratory  of  the 
Survey  for  analysis.  They  yielded  as  follows  (A.  S.  Mc- 
Creath), taking  the  general  average  of  all  the  benches  to- 
gether as  they  are  shipped  to  market. 

"  The  coal  is  bright,  shining,  compact,  and  shows  consid- 
erable charcoal  and  iron  pyrites." 

Water,                    1.295 

Volatile  matter, 8. 100 

Fised  carbon,     83.344 

Sulphur,       1.031 

Ash, 6.230 

100.000 

Color  of  ash, gniy. 

Carbon  ratio, 1:  10.3 

Of  course  it  makes  no  coke,  but  is  a  true  anthracite,  and 
the  above  analvsis  represents  fairlv  the  character  of  the 
coal  as  furnished  in  quantities  from  the  Bernice  mines. 

On  analyzing  separately  the  coal  from  the  three  benches 
the  result  was  as  follows : 

"The  coal  is  generally  very  firm  and  compact ;  it  has  a 
deep  black  shining  luster  and  is  seamed  with  bright  crys- 
talline coal.  It  carries  considerable  mineral  charcoal  in 
thin  partings,  and  shows  only  a  small  amount  of  iron 
pyrites,  existing  generally  in  thin  scales.  The  coal  from 
the  top  bench  has  a  seam  of  grayish-black  cannel  like  coal 
running  through  it ;  but  the  other  specimens  seem  almost 
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free  from  this.     The  coal  does  not  coke  and  yields  gases 
which  burn  with  a  very  feebly  luminous  flame." 
The  top  bench  of  coal  yields  : 

Water,     1.840 

Volatile  matter, 9.835 

Fixed  oarboo, 76.788 

Bnlphur, 647 

Ash, 10.890 

100.000 

Color  of  ash, cream. 

Carbon  ratio 1:  7.8 

This  coal  is  nearly  the  same  as  the  coal  yielded  by  the 
middle  and  lower  benches,  but  is  not  quite  equal  to  them  in 
quality,  as  it  cames  more  ash. 

The  middle  bench  yields  : 

Water, 1.800 

Volatile  matter, 9.650 

Fixed  carbon, P2. 373 

Sulphar, 622 

Ash, 6.555 

100.000 

Color  of  ash, gray. 

Carbon  ratio, 1:  8.5 

Tliis  is  the  purest  coal  of  the  mine. 
The  lower  bench  yields : 

Water, 2.220 

Volatile  matter, 9.405 

Fixed  carbon, 81.267 

Sulphar,    . 618 

Ash, 6.490 

100.000 

Color  of  ash, cream. 

Carbon  ratio, 1:  8. 6 

''This  coal  is  up  to  or  beyond  the  average  character  of 
the  whole  bed,  and  it  is  noteworthy  that  it  carries  a  little 
more  water  than  either  of  the  upper  benches. 

Cannel  slate  layer.  Mr.  McCreath  made  an  analysis  of 
the  grayish  black  cannel-like  coal  layer,  running  through 
the  top  bench  of  coal.     It  should  more  properly  be  called 
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the  cannel  slate  layer,  tliough  the  expressiou  cannel  slate 
scarcely  applies  to  one  containing  so  small  a  proportion  of 
volatile  matter. 
The  grayish-black  cannel-like  coal  yields : 

Water, 1 .950 

Volatile  matter, 9. 030 

Fixed  carboD, 63.795 

Sulphur, « 588 

Aah, 24.642 

100.000 

Color  of  aah, oream. 

Carbon  ratio, 1:7.0 

Taking  the  average  of  the  analyses  of  the  coals  from  the 
three  benches,  it  will  compare  with  the  analysis  of  the 
average  run  of  the  mine  thus : 

» 

Average  of    Average  run 

the  benches.  of  mine. 

Water,     1.953  1.295 

Volatile  matter, 9.630  8.100 

Fixed  carbon,  .  .* 80.143  83.344 

Sulphur, 629  1.031 

ABh, 7.645  6.230 

100. 000  100. 000 

Carbon  ratio, 1:  8.3  1:  10.2 

It  is  curious  how  marked  is  the  difference  in  the  percent- 
age of  water  and  volatile  matters.  Variations  and  errors 
may  be  looked  for  in  analyses  of  specimens  from  coal  mines, 
however  careful  may  have  been  the  selection  of  the  speci- 
mens. It  should  be  mentioned  here,  however,  that  the 
average  sample  was  selected  in  1876,  while  the  three  sam- 
ples from  the  different  benches  were  taken  in  1878,  and  the 
character  of  the  coal  may  have  changed  as  the  mine  was 
worked  forward.  The  analyses  taken  together,  however, 
establish  clearly  enough  the  general  character  of  the  coal ; 
and  it  is  a  very  remarkable  one." 

"Leaving  out  the  accidental  impurities,  and  counting 
only  the  igni table  constituents  of  the  fuel,  we  have : 
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Fixed  carbon, 91.142 

Volatile  matter,     ', 8.858 

100.00 
Proportioiiof  volatile  matter  to  fixed  carbon,     ....     1:10.289 

"But  while  the  Bernice  coal  from  bed  B  is  thus  clearly 
an  anthracite,  according  to  the  trade  classification,  and  a 
semi-anthracite,  according  to  the  classification  suggested  in 
this  report,  and  is  used  for  exactly  the  same  purposes  and 
in  the  same  way  as  the  other  Pennsylvania  anthracite  coals, 
yet  in  its  appearance  and  structure  it  differs  much  from 
them." 

"It  has  a  dull  luster,  instead  of  the  well  known  shining 
luster  of  the  other  anthracites,  and  it  entirely  lacks  the 
conchoidal  fracture  which  is  possessed  by  every  other  Penn- 
svlvania  anthracite." 

"  So  different  is  it  in  physical  structure  tliat  it  cannot  be 
passed  through  an  ordinary  anthracite  breaker.  (See  Re- 
port GG,  page  183.)  Such  a  breaker  would  so  crush  it  as 
to  leave  little  beside  slack  and  i>ea  coal." 

"About  one  and  a  half  miles  east  of  Bernice,  at  an  ele- 
vation of  104;')  feet  above  tide,  Mr.  Woodward,  former  super- 
intendent of  the  mines,  drifted  on  a  coal-bed  sufficiently  far 
to  make  measurements  of  the  thickness  of  the  bed  and  to 
secure  specimens  for  analysis.  A  section  of  the  bed  is  as 
follows : 

Coalf  top  bench,     1'    3" 

81ate  and  tire-clay, 6'    0" 

Coal,  bottom  bench, 3'    8" 

Total  coal, 4'  11"  " 


Thirty  feet  of  sandstone  overlies  this  bed  and  the  floor  is 
composed  of  fire-clay.  Specimens  were  collected  from  each 
coal  bench  and  analyzed  separately  by  Mr.  McCreath. 

"  Top  benchy — The  coal  has  a  dull,  dead  luster;  it  is  very 
soft  and  crumbling,  and  has  a  somewhat  shaly  appearance, 
with  laminated  structure.  The  gases  burn  with  a  feebly 
luminous  fin  me,  but  the  coal  does  not  yield  a  coke. 


Ashburner,]  bernice  coal-basin,  chap.  xi.  481 

Water, 7.980 

Volatile  matter, 21.410 

Fixed  oarbon, 54.009 

Salphur, 651 

Ash, 16.010 

100.000 

Color  of  ash, oream. 

Carbon  ratio, 1 :  2. 5 

^'Bottom  henc7i,^^ — The  coal  is  deep  black,  hard  and  brit- 
tle: 

Water,     2.910 

Volatile  matter, 11.780 

Fixed  oarbon, 81.672 

Sulphur, 598 

Ash, 3.040 

100.000 

Color  of  ash, cream. 

Carbon  ratio, 1:  6.9 

The  analyses  of  the  coals  of  this  basin  already  described 
have  shown  some  curious  features,  but  none  so  conflicting 
as  the  two  analyses  given  above. 

In  the  first  place,  the  percentage  of  water  in  the  coal  from 
the  top  bench  is  unusually  large,  nearly  three  times  as 
great  as  the  percentage  of  water  in  the  bench  below,  separ- 
ated from  it  by  only  6  feet  of  slate  and  fire-clay. 

The  carbon  ratio, — Throwing  out  the  accidental  impuri- 
ties, and  counting  only  the  ignitable  constituents,  we  have 
for  the  top  bench  : 

Fixed  oarbon, ^^*^^  ^  1*  2  527 

Volatile  matter, 28.354  ) 

100.000 

But  for  the  bottom  bench  : 

Fixed  oarbon, 87 .394  >  i .  g  932 

V(  iatlle  matter, 12.606) 

100.000 

That  is,  according  to  the  usual  classification,  the  upi)er 
31 
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bench  is  a  bituminous  coal,  and  the  lower  bench  an  anthra- 
cite. 

From  another  opening  in  the  top  bench  of  this  curious 
coal-bed,  specimens  were  taken  for  analysis,  on  which  Mr. 
McCreath  reports  thus : 

"  It  was  very  wet  when  taken  out  of  the  box.  The  first 
analysis  represents  it  in  this  condition.  On  exposure  to  the 
air  of  tlie  laboratory  for  16  hours  it  loses  8  per  cent,  of 
water,  and  this  amount  is  not  materially  changed  after  30 
hours  exposure.  The  second  analysis  represents  the  coal 
after  it  had  been  air-dried  for  16  hours. 

"The  coal  is,  for  the  most  part,  in  fine  powder.  It  has  a 
dull,  dead  luster,  with  a  somewhat  shaly  appearance.  It  is 
very  soft  and  crumbling,  and  has  the  same  general  charac- 
ter of  the  coal  from  the  top  bench,  (previously  analyzed,) 
see  Report  MM,  page  94,  analysis  No.  938.  The  gases  burn 
with  a  non-luminous  flame,  but  the  coal  does  not  coke  at 
all.  As  usual,  it  re-absorbs  water  very  rapidly,  just  like 
the  other  Bernice  coal. 

"  The  analyses  are  as  follows  : 

Wet  coaL  Air-dried 
coal. 

Water,  at  226©  F 16.060  7.060 

Volatile  matter, 22.680         24.816 

Fixed  carbon, 60  093         66.706 

Sulphur, 372  .407 

Ash, 10.606         11.921 

100.000         100.000 

Color  of  ash, reddish  gray. 

Carbon  ratio 1:  2.24** 

From  a  personal  examinati(m  of  this  opening  and  its  sur- 
roundings it  is  believed  that  this  coal-bed  is  a  part  of  bed 
B,  although  the  certain  identification  of  the  bed  is  not  be- 
lieved to  have  been  made  beyond  question. 

Analyses  made  in  November,  1885,  of  the  Bernice  coal, 
are  as  follows : 
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{Specimen  i 
It  tf  and  S. 

Water  at  212°  P., 970 

Volatile  matter,     9.969 

Fixed  carbon, 8L.286 

Sulphar, 1.274 

Ash, 6.545 

100.000 

Color  of  ash, reddish  gray. 

Carbon  ratio, 1:  8.15 

Specimen  No.  2  contains  more  sulphur  than  either  Nos. 
lor  3. 

specimen   Specimen 

So*  4"  ^^»  ^* 

Water  at  212°  F., 654  .660 

VolatUe  matter, 9.501  9.403 

Fixed  carbon, 79.265  83.691 

Sulphar, 665  .909 

Ash, 9.915  5.843 

100.0Q0        100.000 

Color  of  ash, white.  gray. 

Carbon  ratio, 1:  8.31  1:  8.898 

Specimen  No.  1  was  composed  of  3  separate  specimens  of 
coal,  which  were  collected  from  the  top,  middle,  and  bot- 
tom benches  of  bed  B,  in  mine  No.  3,  about  600  feet  from 
the  mouth  of  the  drift.  At  the  point  where  the  coals  com- 
posing these  specimens  were  collected,  the  toj)  bench  was  3 
feet  thick,  the  middle  bench  was  V  3"  thick,  and  the  bot- 
tom bench  was  3'  6"  thick. 

Specimen  No.  4  was  collected  from  the  bottom  bench  of 
bed  B,  at  the  face  of  Brown's  gangway,  November  6,  1885. 
Specimen  No.  5  was  collected  from  the  top  bench  of  bedB, 
at  the  face  of  Hayes'  gangway,  November  6,  1883. 

All  these  coals  yield  gases  which  burn  with  a  feebly  lum- 
inous flame,  and  they  have  not  the  sli^i^htest  tendency  to 
form  a  coherent  coke.  Mr.  McCreath  in  remarking  on  these 
specimens  at  the  time  they  were  analyzed  by  him  (it  was 
not  known  to  him  where  they  came  from,)  says  :  ''  While 
they  look  very  much  like  an  ordinary  bituminous  coal,  they 
are  undoubtedly  soft  anthracite  in  their  composition.   They 
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» 


burn  freely  without  clinker,  and  for  steam  and  domestic 
purposes  they  may  be  considered  as  a  first-class  fuel." 

The  peculiarities  of  the  Sullivan  County  coals  are  so  re- 
markable that  thej^  were  the  subject  of  a  special  investiga- 
tion by  Mr.  McCreath.  Mr.  McCreath  refers  to  these  analy- 
ses* ns  follows : 

"They  are  comparatively  dry-looking  coals,  yet  they  all 
contain  an  unusually  large  percentage  of  water.  After  being 
thoroughly  dried  at  226°  F.,  and  then  exposed  to  the  ordi- 
nary atmosphere,  they  absorb  water  with  great  rapidity,  so 
that  in  a  few  hours  they  have  re-absorbed  about  sixty  per 
cent,  of  the  amount  of  wafer  originally  present,  and  this 
amount  is  not  materially  increased  by  longer  exposure. 

The  following  experiments  were  made  with  specimen  No. 
803,  containing  4  13  per  cent,  water  : 

On  drying,  at  2250  F.,  the  coal  loses, 4.18  per  cent 

•.  «    2450F.,        "         »•      the  same. 

a  II    260OF,        "         ♦•      4.19  per  cent. 

\i  «i    840OF.,        "         ••      4.60  per  cent. 

i<  •»    460OF.,        •«  ««      4.69  per  cent. 

At  a  dull  red  heat, 12.69  per  oent. 

'*Butin  all  these  experiments  the  amount  of  water  re- 
absorbed after  exposure  for  a  few  hours  to  the  ordinary  at- 
mosphere, remains  practically  constant ;  that  is,  the  coal 
re-absorbs  about  2.48  parts  of  water,  and  this  property  of 
absorbing  water  is  not  destroyed  even  after  all  the  volatile 
matters  have  been  driven  off  by  heat.  These  2.48  parts  of 
water  might,  therefore,  be  termed  water  of  constitution^ 
and  the  remainder  of  the  water  — 1.65  parts  —  hygroscopic 
vioisture  of  pit  water.  And  it  is  to  be  noticed  that  this 
latter  amount  of  water  corresponds  very  closely  with  the 
average  percentage  found  in  the  general  run  of  the  coals 
from  this  basin. 

*'  In  order  to  ascertain  whether  the  total  absorption  was 
due  to  water,  the  following  experiment  was  made  :  A  por- 
tion of  the  coal  was  put  into  a  flask,  and,  after  being  thor- 
oughly dried,  the  whole  was  weighed ;  the  flask  was  then 
tightly  fitted  with  a  chloride  of  calcium  tube  (to  prevent 

*Report  GO,  page  95. 
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the  absorption  of  water)  and  allowed  to  stand  in  the  ordi- 
nary atniosi)here  for  twelve  hours.  It  was  again  weighed, 
but  no  appreciable  increase  in  weight  was  noticed.  It  was 
now  allowed  to  stand  for  a  few  hours  without  the  chloride 
of  calcium  tube  attached,  and  when  again  weighed  it  was 
found  that  a  considerable  increase  in  weight  had  taken 
place,  evidently  due  to  the  absorption  of  watfir.  This  prop- 
erty of  absorbing  water  with  such  remarkable  rapidity  has 
been  noticed  in  only  a  very  few  cases. 

"These  coals  yield  quite  a  large  percentage  of  volatile 
matters,  which  burn  with  a  very  feebly  luminoufi  flame  \ 
but  not  one  of  them  has  the  slightest  tendency  to  form  a 
coherent  coke.  And  in  this  respect,  also,  they  differ  from 
most  of  the  other  coals  examined.  It  seems  safe,  there- 
fore, to  assume  that  they  result  from  a  peculiar  kind  of 
vegetation,  deficient  in  illuminating  hydro-carbons,  and 
different  in  many  respects  from  that  forming  the  great  bulk 
of  the  bituminous  coals  of  this  State. 

"Another  very  interesting  point  may  here  be  noted.  In 
the  coal  opening,  one  and  a  half  miles  east  of  Bernice,  (an- 
alysis Nos.  938  and  939,)  we  find  in  the  same  mine,  separ- 
arated  from  each  other  by  only  six  inches  of  slate,  a  bitu- 
minous coal  (upper  bencii)  with  a  fuel  ratio  of  1 :  2.52,  and 
a  semi-anthracite  (lower  bench)  with  a  carbon  ratio  of  1: 6.93. 
Or,  taking  the  sum  of  the  volatile  combustible  matters  and 
fixed  carbon  as  100,  we  have  the  ignitible  constituents  in 
the  following  proportions: 

Upper  bench.    Bottom  bench. 
Volatile  oombusUble  mallei s,  .   .  .   .         28.86  12.61 

Fixed  oarboD, 71.64  87.39 

100. 00  100. 00 


The  existence  of  a  bituminous  coal-bed  in  the  Bernice 
field,  or  a  bituminous  bench  of  a  coal-bed  composed  of  sev- 
eral benches  where  all  but  one  may  be  anthracite,  can  have 
no  practical  bearing  upon  the  composition  or  classification 
of  the  coal  which  the  State  Line  and  Sullivan  R.  R.  Co.  are 
at  present  mining,  since  all  the  analyses  which  have  been 
made  of  the  coal  which  has  been  shipped  to  market  from 
the  Bernice  basin  prove  that  it  is  an  anthracite  coal. 
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Notes  on.  tlte  Melioopany  Coal-Jield. 

While  Mr.  E.  B.  Harden  was  surveying  tlie  Sullivari 
county  part  of  this  area,  Mr.  Frank  A.  Hill  made  a  recon- 
noisance  of  its  eastern  end  with  a  view  to  the  extension  of 
the  Survey  eastward  into  Wyoming  county.  This,recon- 
noisance  was  commenced  at  Mehoopany,  August  27,  1883. 

The  contact  of  Catskill  (IX)  with  Chemung  (VIII)  is  at 
the  moutli  of  the  Mehoopany  creek.  Tlie  elevation  of  the 
Lehigh  Valley  R.  R.  station  at  Mehoopany  is  634.5  feet 
above  tide. 

Forkston  is  five  miles  up  the  creek,  at  the  forks  of  the 
north  and  south  branches,  and  about  120  feet  higher,  ap- 
proximately 750  feet  above  tide. 

Massive  conglomerate  rocks  horizontally  cap  the  mount- 
ains. In  this  neighborhood  no  ravines  descend  the  north 
face  c»f  the  mountain  into  the  valley  of  the  North  branch, 
all  the  streams  of  the  mountain  jjlateau  flow  south  and 
east,  cutting  down  into  the  South  branch.  This  of  itself 
shows  a  gentle  dip  of  the  rocks  of  the  mountain  towards 
the  south,  the  North  branch  cutting  eastward  against  the 
basset  edge  of  the  stratification. 

That  there  is  a  gentle  south-west  fall  of  the  mountain 
rocks  is  shown  by  the  fact  that  the  coal  crops  on  the  Forks- 
ton  mountain  are  higher  than  those  of  Bernice,  in  Sullivan 
county. 

Up  the  South  branch,  about  a  mile  above  Forkston,  is 
Squire  Spaulding's  house. 

The  easternmost  coal  opening  (No.  1)  is  about  half  a  mile 
from  Squire  Spaulding's  house,  on  the  crest  of  the  mount- 
ain west  of  the  South  branch. 

Another  coal  opening  (No.  2)  (P.  Chrisman)  is  on  the 
mountain  crest  between  Stony  brook  and  Spring  brook. 
Here  a  gangway  has  been  driven  390  feet,  and  a  number  of 
breasts  have  been  turned.  The  operators  report  1000  tons 
mined. 

The  bed  is  quite  regular,  thus : 
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At  mouth : 

Top,  roasBive  oongiomerate. 

Coal, 2'  10" 

Bpne, 0'    7" 

Fire-clay, 4'    4" 

260  feet  in  the  gangway : 

Top,  maasive  oooglomerate. 

Fire-clay, 0'    6" 

Coal, 3'    2" 

Bone, 0     6" 

Bottom,  fire-clay. 

Section  of  the  bed  at  face,  390  feet  from  the  mouth : 

Top,  maasive  oongiomerate. 

Coal,      2'    6" 

Bone, 0'    4" 

Bottom,  fire-clay. 

This  (No.  2)  Chrisman  opening  is  about  2100  feet  above 
tide,  or  more  than  200  feet  higher  than  the  lowest  coal-bed 
at  Bernice,  a  good  argument  for  the  Chrisman  coal-bed  being 
above  the  Mauch  Chunk  Red  Shale,  No.  XI,  and  very  prob- 
ably in  the  body  of  the  Pottsville  Conglomerate,  No.  XII. 

The  rise  ol  the  measures  eastward  justifies  Professor 
White  in  assigning  the  whole  of  Wyoming  county  east  of 
the  Susquehanna  river  to  the  Catskill  formation,  No.  IX. 

Daddow's  opening,  (No.  3,)  mentioned  by  Mr.  Piatt  in 
Report  of  Progress  GG,  j)age  205,  is  at  the  west  end  of  this 
same  coal  area,  (between  Stony  and  Spring  brooks,)  where 
the  descent  is  westward  to  the  head  springs  of  the  Loyal- 
sock,  near  the  county  line.  This  is,  in  fact,  the  highest 
land  of  this  part  of  the  region. 

Daddow's  opening  is  more  than  a  mile  west  of  Chrisman' s 
opening,  and  the  outcrop  is  continuous  between  them,  there 
being  another  opening  (No.  4)  on  the  coal  half  way  between 
them. 

Going  up  the  Mehoopany  south  branch  from  Forkston, 
five  large  brooks  descend  from  the  flat  crest  of  the  very  high 
mountain  divide  between  it  and  Bowman's  creek.  These 
are  in  order,  (going  south-west,)  Scouten  brook,  Cassen 
brook,  Henry  Lott  brook,  Somers  brook,  and  South  brook. 
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Sconten  brook  enters  the  south  branch  two  miles  sonth 
of  Forkston.  It  descends  from  the  mountain  south-east  of 
Forks  ton. 

Coal  smut  is  reported  on  the  Polly  Elliott  and  William 
Hall  tracts  at  the  headwaters  of  the  Sconten  and  Cassan 
brooks,  but  nothing  definite  is  known  about  it. 

At  the  head  of  the  Henry  Lott  brook  a  very  high  summit 
commences  and  extends  south-westward,  past  the  head  of 
Somers  brook,  to  the  head  of  South  brook.  Coal  is  said  to 
appear  at  the  head  of  these  three  brooks. 

The  divide  continues  on  south-west  across  the  Wyoming 
county  south  line  into  Luzerne  county,  and  a  sixth  large 
brook  descends  into  the  Mehoopany  south  branch  a  mile 
or  more  higher  up  than  Sonth  brook.  At  the  head  of  this, 
also,  coal  appearances  are  reported. 

All  these  mountain-top  areas  are  faced  by  massive  con- 
glomerate, which  seems  to  be  the  same,  and,  therefore, 
ought  to  cover  the  same  coal-bed,  whether  in  workable  con- 
dition or  not  can  only  be  told  by  experiment. 

There  is  no  perceptible  dip,  although  very  careful  spirit- 
leveling  would,  of  coui-se,  show  that  the  horizontality  is 
not  perfect. 

The  same  state  of  things  exists  westward  across  the  Sul- 
livan county  line  and  around  Lake  Ganoga.  The  rocks 
there  described  in  Report  GG  as  Pocono  sandstone,  No. 
X,  resemble  in  a  marked  manner  the  rocks  capping  the 
mountain  west  of  Forkston,  which  seem  to  be  Pottsville 
Conglomerate,  No.  XII. 

There  are  two  conglomerates  in  these  areas,  both  spec- 
ially well  defined  on  Stony  brook  ;  one  above  the  coal-bed, 
coarse  and  heavy  ;  the  other  under  the  coal-bed,  less  coarae 
and  interleaved  with  sandstone  beds. 

The  upper  or  roof  conglomerate  has  a  thickness  of  40  feet 
where  best  exposed.  The  lower  conglomerate  and  sand- 
stone mass  seems  to  be  from  250  to  300  feet  thick. 

In  the  midst  of  this  lower  mass  is  seen  a  little  coal  a  few 
inches  thick. 

Prom  the  bottom  of  this  lower  mass  issue  chalybeate 
springs  depositing  bog  iron  ore.      This  was  a  mark  by 
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which,  in  the  First  Geological  Survey  of  the  State,  the  top 
of  the  Maiich  Chunk  Red  Shale  formation,  No.  XL  and  the 
bottom  of  the  Pottsville  Conglomerate  formation,  No.  XII, 
were  always  recognized,  especially  in  south-western  Penn- 
sylvania along  Chestnut  Ridge  and  Laurel  Hill.  See  the 
reports  of  1837  to  1841. 

This  is  the  place  of  the  iron  ore  bed  of  Somerset  county, 
the  Queen's  Run  ore  of  Clinton  county,  and  the  Ralston 
ore  of  Lycoming  county,  etc. 

A  solid  bed  of  ore  is  exposed  on  Pigeon  run,  near  Gan- 
oga  lake,  in  Sullivan  county,  in  this  situation,  and  again  on 
Ore  run,  where  Col.  Rickets  obtained  the  following  section  : 

Soft  yeUow  and  whitish  Bhales, .  10'  0" 

Ore,  bluish  and  greenish  gray, 0'  4" 

Slate,  greenish,         0'  8'' 

Ore,  same  as  above,     . 1'  3' 

Slate,  greenish,         1'  0' 

Ore,  same  as  above, 1  7" 

Shale,  reddish,           . 6'  0" 

Ore,  same  as  above,     1'  0 

Shale,  reddish 1'  0 

A  section  (barometric)  taken  on  the  mountain  slope  de- 
scending Stony  and  Red  brooks  to  the  Mehoopany  south 
branch,  shows  the  following : 

Conglomerate  (roof  of  Chrisman^sooal,)  visible, 25'  0 

Coal  bed,     .   .  3'  5 ' 

Interval  concealed,  100'  0 

Interval  to  inhere  red  wash  in  stream  stops, 50  0 

Sandstone  slaty  and  sandstone  yellow,  90'  0 

Conglomerate,  massive,  40  0" 

Red  shale  with  some  yellow  shale,     120  0 

Sandstone,  gray  and  yellow, 30'  6  ' 

Interval  concealed, 10'  0'' 

Red  shale, 3'  0" 

Interval  concealed, 30'  0" 

Sandstone,  greenish  gray, 35'  0" 

Interval  concealed, 86'  0" 

Occasionalsliglitexposares  of  sandstone, 420  0 

Shale,  white, 3  0" 

Red  shale,     35'  0" 

Sandstone,  greenish  gray, 45'  0" 

Shale,  white, 0'  8" 

Red  shale, —  — 
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Scouten  brook  enters  the  south  branch  two  miles 
of  Forkston.  It  descends  from  the  mountain  sout'  ; 
Forkston.  ,  ., 

Conl  smut  is  reported  on  the  Polly  Elliott  a' 
Hall  tracts  at  the  headwaters  of  the  Scoiiteo  '.    '.  '. 
brooks,  but  nothing  definite  is  known  about       '  ■'■• 

At  the  head  of  the  Henry  Lott  brook  a  ve 
commences  and  extends  south-westward,  r        \: 
Somers  brook,  to  the  head  of  South  brool 
appear  at  the  head  of  these  three  brooks       ; 

The  divide  continues  on  south-west  a'         -_  r  con- 

county  south  line  into  Luzerne  count-  ,  it  No. 
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or  more  higher  up  than  South  brook 
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All  these  nionntain-top  areas  a' 
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dition  or  not  can  only  be  told  1 
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not  perfect.  i^he  Towanda  mountain,  in 

The  same  state  of  thing?  n^n  20  miles  distant  to  the 
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We  have  here  the  following  series : 

Conglomerate,  coarse,  heavy,  about 40' 

Coal  bed 8' 

Shale,  red,  eta, 150' 

Sandstone, 90  )  ^^ 

Conglomerate,     40  > 

Red  shale,         120' 

Sandstone  and  soft  intervals, 615 

Red  shale, 85' 

Sandstone,     45' 

Red  shale, — 

In  Other  words,  the  top  of  the  red  shale  mass  seems  to 
come  from  beneath  the  coal  and  just  under  the  lower  con- 
glomerate. The  question  is,  Is  this  No.  XI  or  is  it  No. 
IX? 

If  it  be  No.  IX,  the  Pocono  formation  No.  X  is  repre- 
sented by  only  130  feet  of  sandstone  and  coiii^lomerate,  and 
the  Mauch  Chunk  Red  Shale  No.  XI  by  150  feet  of  soft 
interval  just  under  the  coal,  which  will  then  be  the  Camp- 
beirs  Ledge  plant  bed  as  Mr.  White  supposes. 

But  if  it  be  No.  XI,  then  the  coal-bed  is  near  the  top  of 
the  conglomei-ate,  which  will  then  be  about  300  feet  thick, 
as  it  is  all  through  Western  Pennsylvania. 

Professor  Lesley's  surveys  on  the  Towanda  mountain,  in 
Bradford  county,  (not  more  than  20  miles  distant  to  the 
north-west,)  made  with  instruments  of  precision,  gave  the 
following  section : 

Conglomerate  and  a:&ndstone, 60' 

Coal.bed I' 

Sandstone,      80' 

Iron  ore  bed,  solid, .  8' 

Sandstone,  .                           TO' 

Red  shale  of  No.  XI  in  force, — 

The  creeks  in  the  Mehoopany  areas  generally  head  in  the 
supposed  Pottsville  Conglomerate,  No.  XII,  cutting  their 
wa}"  down  through  horizontal  measures  into  Catskill,  No. 
IX.  A  series  of  carefully  measured  detailed  sections,  for 
comparison,  and  a  good  topographical  map  of  the  North 
mountain  region,  w^ould  throw  a  great  deal  of  much  needed 
light  on  the  geology  of  this  region. 
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Report  on  the  Cornwall  Iron  Ore  Mines,  Lebanon  County. 


By  J.  p.  Leslet  and  E.  Y.  d'Invilliers. 


These  magnetic  iron  ore  mines  are  situated  on  the  south- 
ern border  of  Lebanon  county,  half  wav  between  the 
Schuylkill  and  Susquehanna  rivers,  in  three  hills  standing 
in  front  of  the  Mesozoic  red  shale  and  sandstone  hill  coun- 
try of  northern  Lancaster,  overlooking  the  great  limestone 
plain  of  the  Lebanon  valley,  here  about  5  miles  wide. 

The  tliree  hills,  separated  from  each  other  by  two  branches 
of  Furnace  creek,  and  ranging  in  a  west  south-west  direc- 
tion for  a  distance  of  about  one  mile,  are  knowm  as  Biff 
hill  at  the  east.  Middle  hill,  and  Grass?/  hill  at  the  west ; 
the  elevation  of  their  summits  being,  in  round  numbers, 
respectively  900.  700,  and  700  feet  above  tide  ;  and  that  of 
the  railroad  line  across  the  plain,  575.6  opposite  Middle 
hill  at  Cornwall,  and  471  at  Lebanon.* 

In  the  last  century  these  hills  had  smoothly  rounded 
summits,  composed  of  weathered  ore,  of  great  purity  to  the 
depth  of  several  feet  or  yards,  beneath  which  lay  the  mass 
of  ore  constituting  the  whole  body  of  each  hill,  now  exten- 
sively removed  by  open  quarry  work  down  to  w^ater  level. 
But  the  quantity  of  ore  still  remaining  above  water  level 
is  greater  than  the  quantity  removed  ;  and  at  several  points 
the  original  hill-top  surface-ore  has  been  left  untouched  ; 
while  beneath  water  level  the  ore  mass  is  known  (by  bor- 
ings) to  descend  to  a  depth  exceeding  300  feet. 

The  extreme  length  of  the  uncovered  ore  mass  is  about 

♦  Photograph  plate,  opposite  page  491, !«  a  view  of  a  model  of  the  (  ornwall 
mine,  made  by  Mr.  E.  B.  Harden,  bycutting  veneering  staff  to  the  contour  lines 
of  Mr.  d'Invii tiers*  map  of  the  mine,  and  filling  the  steps  with  wax.  By  this 
method  the  upper  edge  of  each  Teneer  represents  it^  oorresponding  contour 
line.  The  point  of  view  is  high  in  i  he  air  and  from  the  south.  The  view  of  Mr. 
Lehman's  model,  described  in  foot-note  to  page  495,  exhibits  the  hills  as  they 
would  be  seen  from  the  north,  agilnst  a  b  iok  ground  of  Mesozoic  hill  country. 

(491) 
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4400  feet ;  its  breadth  in  Big  hill  400,  in  Middle  hill  800,  in 
Grassy  hill  600;  and  its  estimated  total  area  is  nearly  63 
acres. 

Tlie  north  brow  of  Middle  hill,  the  north  and  west  brow 
of  Grassy  hill,  and  the  north,  east,  and  south  brow  of  Big 
hill,  is  an  outcrop  of  dolerite  trap,  the  fallen  fragments  of 
which  cover  the  outside  steep  slopes.  The  steeply  sloping 
trap  dyke  is  exposed  on  the  opposite  sides  of  each  of  the 
two  gaps,  descending  from  the  hill  tops  to  water  level,  with 
an  apparent  width  of  about  100  feet.  Beneath  water  level 
the  trap  dyke  is,  of  course,  continuous  from  the  east  end 
of  Big  hill  to  the  west  end  of  Grassy  hill,  where,  bending 
towards  the  south-west  and  south,  it  disappears  beneath 
the  Mesozoic  highland.  The  ore-mass  lies  banked  against 
the  sloping  south  face  of  the  trap,  therefore  overlying  it 
and  abutting  against  it.  The  rocks  that  underlie  the  trap 
and  outcrop  on  the  northern  slope  are  covered  with  a  sheet 
of  fallen  trap  fragments  and  are  therefore  very  little  known. 

The  edge  of  the  ore-mass,  as  shown  by  the  map,  is  far 
from  being  a  straight  line,  but  follows  the  irregular  course 
of  the  trap,  which  changes  several  times  in  an  unexpected 
manner,  showing  that  the  lava  forced  its  way  up  through 
an  irregular  crack,  and  therefore  that  the  dyke  must  be 
of  different  widths  at  different  places.  Along  the  north 
side  of  Big  hill  the  line  of  trap  is  straight  S.  77°  W.  for 
800  feet ;  then  straight  S.  62°  W.  down  the  nose  of  Big  hill, 
across  Furnace  creek  valley  and  up  the  nose  of  Middle  hill, 
1400  feet;  then  at  a  shai-p  angle  N.  74°  W.  slightly  curving 
to  the  summit  of  Middle  hill,  600  feet ;  then  S.  60°  W.,  con- 
tinuing the  same  curve  down  the  west  slope,  500  feet ;  then 
at  a  sharp  angle  N.  81°  W.  straight  across  the  little  valley 
to  the  foot  of  Grassy  hill,  800  feet ;  then  N.  6fi°  W.  up  to 
the  summit  of  Grassy  hill,  400  feet;  then  S.  65°  W.  along 
the  summit,  300  feet;  then  S.  10°  E.  to  the  forks  of  the 
Mt.  Hope  road,  500  feet ;  then  turning  S.  W.  its  course  is 
not  known ;  5200  feet  in  all,  following  the  devious  course 
of  the  dyke. 

The  course  of  the  trap  on  the  south  side  of  Big  hill  is 
S.  67°  W.  for  600  feet. 
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Big  hill  is  cut  off  from  tlie  Mesozoic  liiglilands  to  the 
south  by  the  valley  of  Furnace  creek,  which  heads  1^  miles 
east  south-east  of  the  mine,  and  descends  from  a  notch  in 
the  Dividing  ridge  (or  South  mountain,  as  it  is  improp- 
erly called)  through  which  the  Cornwall  and  ML  Hope 
railroad  passes,  the  summit  level  of  the  i-ailroad  in  the 
notch  being  845'  A.  T.  Tlie  gradient  of  this  railroad  down 
the  valley  to  Cornwall  is  about  176'  to  the  mile,  and  its 
grade 'level  at  the  mine,  in  front  of  the  superintendent's 
office,  585'  A.  T.  Furnace  creek,  at  the  Weigh  house  on 
the  Cornwall  railroad,  is  about  570'  A.  T. 

Big  hill  summit  (north  side  of  the  mine)  is  870'  A.  T.;  the 
highest  point  of  trap  on  its  no»-th  side,  860'  A.  T.;  the  high' 
est  point  of  trap  on  its  south  side,  850'  A.  T.  This  is 
almost  the  level  of  the  railroad  summit  grade  in  the  notch 
of  the  Dividing  ridge  at  the  head  of  Furnace  creek. 

The  .Dividing  ridge  rises  to  about  1100'  A.  T.  east  of  the 
notch.  West  of  the  notch  it  rises  for  i  mile  to  1040'  A.  T., 
and  the  crest  runs  on  S.  77°  W.  at  about  this  elevation 
for  f  mile  and  then  descends  into  another  slighter  notch, 
.  (960'  A.  T.,)  after  which  it  rises  again  to  1075'  A.  T.,  and 
so  continues  westward  as  high  land  between  the  parallel 
valleys  of  Little  Chicques  creek  on  the  north  and  Chicques 
creek  on  the  south  ;  the  latter  heading  up  at  the  railroad 
notch  and  affording  an  avenue  for  the  railroad  down  grade 
towards  Mt.  Hope. 

The  Dividing  ridge  runs  at  a  distance  of  about  a  mile 
(5700')  south  of  the  ore  mine.  Its  northern  slope  is  broken 
by  a  series  of  descending  gullies,  one  of  which  is  a  deep  ra- 
vine by  which  Sad  tier's  run  descends  into  Furnace  creek  at 
a  point  1400  feet  south  of  the  ore  mine.  A  side  branch  of 
Sad  tier's  run  comes  in  from  the  w^est,  and  between  the  two 
stands  an  isolated  knob  975'  A.  T.  This  knob  is  3200'  due 
south  of  the  ore  mine  (at  the  S.  W.  corner  of  Middle  hill,) 
and  on  this  knob  Mr.  Grubb  has  recently  drilled  a  bore- 
hole 1()00'±  deep  in  an  attempt  to  prove  the  southern  exten- 
sion of  the  ore.  The  futility  of  any  such  trial-hole  on  the 
flank  of  the  Dividing  ridge  will  be  explained  in  a  future 
section  of  this  report. 
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In  spite  of  local  variations  (like  that  of  the  exposure  on 
the  railroad  about  a  quarter  of  a  mile  east  of  the  Miners 
village,  ascending  to  the  not^h,  where  the  dip  seems  to  be 
N.  10^  E.)  it  may  be  said  that  the  whole  Dividing  ridge 
countrv  of  Mesozoic  red  shale  and  sandstone  consists  of 
parallel  ridges  of  harder  outcrops  separated  by  side  ravines 
of  softer  rocks,  all  dipping  north-westward,  or  north-north- 
westward towards  the  ore  mine  and  limestone  valley  of 
Lebanon  county,  at  angles  varying  between  10°  and  20°. 

Now,  as  this  formation  belongs  to  a  much  later  age  than 
the  Palaeozoic  formations  of  the  Lebanon  valley  country, 
under  which  the  N.  N.  W.  dip  would  carry  them  if  it  were 
continued,  we  are  obliged  to  believe  that  the  Mesozoic  dip 
stops  somewhere  ;  that  it  stops  along  a  line,  the  south  edge 
of  the  Lebanon  valley  limestone  country;  and  that  this 
line  is  the  line  of  a  great  fault,  on  the  north  side  of  which 
the  older  limestones  are  thrown  up^  and  on  the  south  side 
of  which  the  newer  red  shales  are  thrown  down* 

It  will  be  shown  in  this  report  that  this  line  of  fault  must 
run  along  the  south  edge  of  the  Cornwall  ore  deposit ;  that 
the  outburst  of  trap  is  a  consequence  of  the  fault ;  and  that 
the  Cornwall  ore-mass  owes  its  origin  to  and  has  had  its  size 
and  shape  determined  for  it  by  the  fault  and  the  trap  com- 
bined. 

In  describing  it,  it  will  be  convenient  to  describe,  first, 
the  range  of  trap ;  then  the  ore  mass  itself,  with  its  in- 
cluded limestone  beds;  then  the  exhibitions  made  by  the 
edge  of  the  Mesozoic  shales ;  then  the  surrounding  areas  of 
slate  and  limestone  of  the  Lebanon  valley,  so  far  as  their 
structural  relationships  can  be  made  out ;  after  which  will 

ing  a  vertical  height  of  10';  the  lowest  contour  being  530'  A.  T. ;  the  highest, 
1075'  A.  T.  The  bottom  edge  of  each  sheet  conforms  to  the  corresponding 
contour,  the  edge  of  the  sheet  being  bevelled  baolc  to  the  contour  line  next 
alx>ve.  This  method,  when  neatly  executed,  is  as  accurate  as  the  other,  and  is 
better  for  crosi  section  and  railroad  location  work,  because  it  preserves  the 
contour  lining  of  the  map  on  the  surface  of  th^  model.  The  area  represented 
by  this  model  is  about  6  square  miles ;  a  ad  the  assumed  point  of  view  about 
6  miles  to  the  north  of  the  mine  and  2\  miles  in  the  air. 

*  For  this  opinion,  and  everything  in  this  report  involving  the  theory  of  a 
downthrow  fault  between  the  New  Red  country  and  the  Valley  limestone  and 
Cornwall  ore  mass,  I  only  am  responsible.— J.  P.  Leslby. 
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be  given  a  description  of  the  mining  operations,  statistics 
of  yield,  etc.  ;  and  finally  a  history  of  the  property,  com- 
piled from  the  records  of  the  courts. 

The  Cornwall  trap  rock. 

It  has  been  said  that  the  noithern  brow  and  present  sum- 
mit ridge  of  Grassy  and  Middle  hills,  and  the  north  and 
south  brows  and  east  end  of  Big  hill,  represent  an  origin- 
ally unbroken  and  continuous  outcrop  of  igneous  rock, 
(lava,  trap,  or  dolerite,)  now  worn  through  down  to  water 
level  by  the  two  branches  of  Furnace  creek.  In  the  gaps 
the  great  thickness  (say  100  feet)  and  the  general  southward 
pitch  (30®  to  40°)  of  the  dyke  are  plainly  visible,  although 
no  exact  measurements  can  be  made,  because  the  bottom  or 
northern  wall  of  the  dyke  is  concealed  by  the  sheet  of 
fragments  which  cover  the  slopes,  not  only  in  the  gaps,  but 
on  the  outside  of  the  hills  ;  but  in  the  cuts  of  the  spiral 
railroad  ascending  Big  hill  60  or  80  feet  of  trap  is  passed 
through.  With  the  fragments  of  trap  are  mingled  pieces 
of  black  magnetic  iron  ore,  which  have  slid  down  from  the 
original  summits  of  the  ore  hills. 

The  bearings  and  distances  of  the  trap  dyke  have  already 
been  given. 

The  trap  rock  is  a  fine  grained  gray  dolerite,  varying  in 
color  with  its  percentage  of  feldspar ;  generally  finely  crys- 
talline, varying  but  little  in  the  size  of  its  grains. 

Dr.  P.  A,  Gen  til's  analyses  of  two  varieties,  given  in  Re- 
port B,  p.  222,  show  the  following  constitution : 

Djlerite  trap.                             Coarse  grained,    ^ne  grained. 
SpeoiCio  gravity, 8.009  2.999 

Silioio  aoid, 53.09  63.88 

Alamina, 14.97  14.33 

Lime, 11.24  10.92 

Magnesia 6.60  7.25 

Ferric  oxide, 6.18  3.23 

Ferrous  oxide, 4.47  6.54 

Soda, 2.10  2.08 

Potash 0.69  0.96 

Titanioaoid, 0.90  1.09 

Phospiiorio  aoid, 0.16  0.10 
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Chromic  acid, trace  0.06 

Manganoufl  oxide, trace  0.09 

Ignition, 0.40  0.28 


100.05  100.76 


The  north  wall  of  trap  in  Big  hill  seems  to  be  inclined 
about  40°  to  the  south-east,  the  east  wall  dii)ping  to  the 
south-west,  and  the  south  wall  standing  in  the  different 
cuts  at  angles  varying  from  78°  and  80°  S.  30°  E.,  to  80°  and 
60°  north-west. 

The  dyke  nowhere  presents  regular  upright  faces,  cutting 
off  the  ore  sharply  ;  on  the  contrary,  its  face  presents  hum- 
mocks or  shoulders  between  which  the  ore  is  found  and 
mined,  giving  an  exceedingly  irregular  contour  facing  the 
ore.  ' 

Where  the  ore  has  been  stripped  from  it  a  columnar 
prismatic  structure  can  be  noticed,  the  columns  being  from 
six  inches  to  a  foot  long.  In  some  places  the  prisms,  two 
to  four  inches  thick,  radiate  from  a  central  point.  This  fan- 
shaped  structure  is  especially  noticeable  in  the  south  wall, 
where  the  prisms  vary  from  three  to  eight  inches  thick. 
(See  photograph  plate,  opposite  page  501.) 

Along  the  flat  of  Furnace  creek,  between  Big  and  Middle 
hills,  we  have  facts  going  to  locate  the  north  wall  of  trap 
underground.  Bore-holes  have  been  put  down  there 
through  the  ore  body  to  the  upper  surface  of  the  trap,  fix- 
ing with  comparative  certainty  the  inclination  of  the  north 
wall  southward^  at  an  angle  of  about  38°.  The  position 
and  depth  of  these  bore-holes  are  shown  on  the  map. 

Midway  between  the  two  opposing  walls  of  trap  of  Big 
hill,  and  on  a  terrace  35  feet  higher  than  the  Furnace  creek 
flat,  bore-hole  No.  5  struck  trap  at  60'  feet.  This  hole  was 
located,  as  nearly  as  possible,  between  the  two  tmp  faces, 
and  is  generally  regarded  as  proof  of  the  regular  basin- 
shaped  character  of  the  dolerite. 

This  I  am  inclined  to  doubt,  and  think  it  still  more  prob- 
able that  it  was  an  offshoot  of  the  north  wall  struck.  This 
matter  will  be  discussed  further  on.  To  be  sure,  at  the 
western  extremity  of  Big  hill  the  south  wall  of  trap  ap- 
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pears  to  have  a  north-west  inclination.  But  it  certainly 
stands  at  much  higher  angles  than  the  north  wall,  and,  if 
the  walls  converge  at  all,  their  meeting  would  be  in  a  ver- 
tical i)lane  south  of  the  central  line  in  Big  hill.  But  this  is 
conjectural. 

The  whole  south  trap  wall  of  Big  hill  shows  the  greatest 
irregularity  in  its  outcrop,  immense  dome-shaped  shouldera 
protruding  into  the  body  of  the  ore  mass,  around  and  be- 
hind which  mining  has  been  carried  on  as  in  the  main  de- 
posit. 

A  small  cross  dyke  shoots  out  from  the  main  south  wall 
in  a  N.  25°  E.  direction,  passing  right  through  the  ore  de- 
posit to  the  north  wall,  and  thinning  in  that  direction  from 
3  feet  to  about  3  inches.  It  shows  quite  a  distinct  but  im- 
perfect columnar  structure  and  slopes  S.  65  E°.  50°. 

Another  similar  cross  dvke  cuts  across  Middle  hill  in  a 
N.  W.  course,  dipping  about  N.  60°  E.,  and  thins  out  in 
the  same  way  northward.  In  neither  case  does  the  trap 
seem  to  have  risen  high  through  the  ore  mass. 

In  the  Big  hill,  especially  on  the  north  side  of  the  upper 
and  second  levels,  the  ore  mass  is  rendered  rather  unat- 
tractive by  knobs  of  trap  sticking  up  from  the  surface  ;  but 
they  have  been  met  with  elsewhere,  and  they  offer  no  great 
obstacle  to  the  successful  prosecution  of  mining. 

In  the  Middle  hill  there  is  no  bounding  wall  of  trap  on 
the  south,  but  whether  it  is  still  to  be  met  with  in  mining 
towards  the  red  shale  country,  or  is  entirely  absent  on  that 
side  is  not  yet  known. 

It  would  seem,  however,  that  the  latter  view  is  more  ten- 
able ;  for,  besides  a  westward  prolongation  of  the  bounding 
wall  of  Grassy  hill,  and  a  direct  turn  southward  in  the 
south  wall  of  the  Big  hill  dyke  where  it  meets  the  Corn- 
wall pike  at  the  carpenter  shop,  there  is  no  evidence  of  a 
south  trap  wall  to  Middle  hill  along  the  valley  of  Furnace 
creek. 

A  glance  at  the  map,  however,  will  show  a  curious  and 
interesting  shape  which  the  north  wall  has  assumed  in 
Middle  hill.  It  may  best  be  compared  to  a  crescent  with 
its  ends  reversed  or  turned  back  (northwards.) 
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The  summit  line  of  the  dyke  rises  from  the  valley  of  Fur- 
nace creek  at  an  elevation  of  570'  A.  T.  to  an  elevation  of 
715'  A.  T.,  at  a  point  just  opposite  the  center  of  the  hill ; 
from  there  it  declines  again  westward  to  tlie  creek  which 
separates  Middle  and  Grassy  hills,  at  about  600'  A.  T. 

Near  the  center  of  the  crescent  the  dyke,  rfsewhere 
deeply  corrugated,  becomes  additionally  marked  with  four 
protruding  tongues  striking  south-westward  into  the  ore  de- 
posit.    This  feature  is  illustrated  in  plate,  page  502. 

Proceeding  in  order  eastward,  each  successive  tongue 
projects  a  little  farther  south-westward  than  its  predeces- 
sor. All  are  practically  parallel,  presenting  clean  and 
amooth  faces  on  their  inner  sides,  dipping  south-east  about 
40°,  but  with  broken,  rough  faces  on  their  north  or  outward 
sides,  exposing  planes  dipping  north-west  about  80°. 

Back  of  and  within  each  groove  ore  has  been  mined,  but 
there  is  little  evidence  to  show  that  the  ore-bod v  extended 
over  the  tops  of  these  rolls  so  as  to  make  one  compact  mass, 
at  least  within  mining  periods. 

Prom  the  east  end  of  Middle  hill  the  dyke  trends  a  lit- 
tle north  of  west  in  a  practically  straight  line  to  the  rail- 
road cut  in  Grassy  hill.  It  encircles  the  north  and  west 
sides  of  this  hill  in  a  horse-shoe  shaped  dyke,  striking 
nearly  due  south  at  the  west  end  until  within  close  prox- 
imity to  the  branch  of  Purnace  creek,  and  then  bearing 
west  sonth-west  across  the  Mt.  Hope  road  along  the  junction 
line  of  the  slates  and  the  New  Red  formation. 

The  Grassy  hill  dyke  is  in  every  way  identical  in  char- 
acter and  composition  with  its  eastern  prolongation  in  Mid- 
dle and  Big  hills,  showing  the  same  shoulders  and  irregu- 
larities of  contour,  and  the  same  tendency  to  rough  and 
imperfect  crystallization. 

The  irregularities  of  the  steeply  sloping  upper  wall  sur- 
face of  the  trap  against  which  the  gently  south-west  dip- 
ping strata  of  the  ore  mass  abut  abruptly  (as  shown  in 
photograph  plate  opposite  page  509,)  are  no  doubt  original 
to  it  as  an  outflow  of  lava  from  below,  and  were  not  produced 
at  any  after  time  by  other  circumstances.  The  shape  of  the 
trap  surface  as  uncovered  by  mining  operations  was  the 
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shape  of  the  wall  of  the  fissure  made  by  the  trap  in  forcing 
its  way  upwards  through  the  ore  slates.  The  resistance  was 
enormously  great,  and  the  tongues  of  trap  described  above 
(see  also  photograph  plate  opposite  page  605)  prove  that  the 
ascent  of  the  lava  was  stopped  in  some  places  sooner  than 
in  others ;  that  it  never  reached  a  higher  level  in  those 
special  parts  of  the  dyke  ;  and  this  renders  it  probable  that 
even  the  thickest  parts  of  the  trap  now  forming  the  hill 
crests  did  not  originally  rise  many  hundreds  of  feet  higher 
into  the  overlying  formations,  which  have  since  been  washed 
away,  carrying  the  thin  upper  part  of  the  trap  with  them. 
But  that  it  rose  higher  than  the  present  hill  tops  is  evident 
from  the  fact  that  the  crests  have  the  aspect  of  outcrops  of 
erosion,  like  mountain  crests  in  the  State. 

If  this  view  be  correct,  we  may  safely  think  that  the 
trap  increases  in  thickness  downwards,  and  unites  with 
some  vast  mass  of  trap  at  a  great  depth  in  the  earth's  crust ; 
and  this  would  connect  the  trap  of  Cornwall  with  all  the 
other  trap  dykes  of  Lancaster  county,  and  perhaps  with 
all  the  traps  of  south-east  Pennsylvania. 

The  most  remarkable  point  is  that  this  great  upburst  of 
lava  shows  no  signs  of  having  bent,  folded,  displaced,  or 
affected  in  any  violent  way  the  ore  strata.  They  repose 
quietly  against  its  surface  as  if  against  a  previously  estab- 
lished cold  and  solid  wall.    (See  photo,  plate  opp.  pnge  509.) 

The  two  gaps,  which  separate  into  Big,  Middle,  and  Grassy 
hills  the  north  range  of  trap,  are  ordinary  water  gaps  and 
require  no  explanation  ;  but  the  termination  of  the  trap  at 
the  end  of  the  hook  in  the  south  wall  of  the  Big  hill, 
although  somewhat  shortened  by  water  erosion,  is  evidently 
like  the  four  tongues  already  described,  a  plain  proof  that 
the  lava  could  open  and  force  its  way  into  and  through  the 
mass  of  strata  only  a  certain  distance  and  no  further.  It 
must  be  noted  that  the  hook  of  trap  occurs  at  the  east  end 
of  the  mine,  but  no  corresponding  hook  exists  at  the  west 
end.  In  other  words,  a  hook  was  formed  at  the  end  to- 
wards which  the  ore  slate  stratification  rises,  and  not  at  the 
end  towards  which  it  dips.  This  agrees  exactly  with  the 
hooking  of  one  end  of  all  the  trap  dikes  of  the  Connecticut 
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river  valley.  The  mechanical  explanation  of  this  phenom- 
enon has  been  known  for  many  years,*  viz:  that  the  trap 
ascended  vertically  until  it  could  lift  the  strata  and  tear 
them  apart  in  a  curve.  Here  at  Cornwall  the  operation 
went  to  the  extreme  of  making  not  merely  a  curved  rent, 
but  a  complete  sharp  hook. 

An  important  conclusion  may  be  drawn  from  this  fact, 
namely,  that  the  west  end  of  the  trap  range  must  pass  on 
underneath  the  Mesozoic  strata  and  carry  the  down-sloping 
ore  mass  with  it,  siill  resting  against  its  steep  upper  wall 
surface. 

The  hard  wall  of  trap,  by  the  resistance  it  has  offered  to 
the  general  weathering  down  of  the  whole  region,  has  pre- 
served a  part  of  the  ore-mass  which  would  otherwise  long 
ere  this  have  been  slowly  swept  away.  Part  of  the  ti-ap 
has  gone  ;  how  much  we  know  not.  Part  of  the  ore-mass 
has  gone ;  probably  a  far  greater  portion  than  has  been  pre- 
served. 

The  Cornwall  ore-mass,  is  evidently  a  regularly  stratified 
formation  sloping  down  south-westward  against  the  edge 
of  the  Mesozoic  rocks,  and  rising  north-eastward  into  the  air 
where  it  is  worn  off  at  the  top  of  the  Big  hill,  but  beyond 
which  it  must  have  originally  extended  at  a  continually 
higher  and  higher  level,  as  far  as  the  trap  extended,  how 
far  we  have  no  means  of  knowing.  And  this  regularly 
stratified  formation  has  been,  in  some  way,  converted  into 
ore,  retaining  its  place  and  form  in  all  essential  particulars. 
Whatever  the  process  was,  its  effects  at  Cornwall  are  pre- 
cisely like  its  effects  at  the  Fritztown,  Jones,  Reading  and 
Boyertown  magnetic  ore  mines,  and  at  the  great  brown 
hematite  mines  in  Centre  county  and  elsewhere. f 

The  Cornwall  ore-mass. 

Having  described  the  wall  of  trap  enclosing  the  ore-mass, 
the  structure  and  composition  of  the  ore-mass  itself  will 
now  be  described,  with  the  limestone  and  undecomposed 
lime-shale  layers  which  evidently  make  part  of  it,  and  a 

*  Worked  out  by  James  D.  Whelpley,  the  geologist,  about  the  year  1838. 
t  See  Repoits  D>,  vol.  2,  and  T**. 
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remarkable  exhibition  of  .finely  conglomeritic  sandstone 
which  was  met  with  at  only  one  place  completely  enclosed 
in  the  body  of  the  ore.  Until  all  these  features  are  clearly 
comprehended  it  would  be  useless  to  attempt  to  draw  any 
conclusion  or  even  express  a  conjecture  respecting  the  ori- 
gin of  this  wonderful  deposit. 

The  thickness  of  the  ore-mass. 

What  first  strikes  the  observer  is  the  unusual  depth  of  the 
ore  deposit,  in  full  view,  as  measured  by  the  eye,  from  the 
hill  tops  which  still  remain  to  the  great  water  plain  at  the 
level  of  the  streams.  These  stopes  and  terraces  of  the  Big 
hill  in  one  direction,  and  of  the  Middle  hill  in  the  other,  are 
very  impressive. 

The  water  plane  of  the  mine  is  about  570  feet  above  tide, 
and  the  first  or  high  stopes  rise  from  this. 

In  the  Big  hill  the  first  stope  is  40  feet  high.  From  the 
terrace  above,  the  second  stope  rises  120  feet.  From  the 
second  terrace  the  third  stope  rises  50-60  feet.  The  highest 
point  of  ore,  the  present  summit  of  the  Big  hill,  is  300  feet 
above  the  water  plane.' 

In  the  Middle  hill  the  first  stope  rises  from  the  water 
plane  80  feet,  with  a  length  of  500  feet,  measured  along  its 
top  edge  from  the  trap  wall  southward  to  the  entrance  of 
the  great  through  cut  which  is  being  driven  through  the 
middle  of  the  hill.  The  first  terrace  is  200  feet  wide  to  the 
base  of  the  second  stope^  which  is  6  feet  high.  The  second 
terrace  is  80  feet  wide  to  the  face  of  the  tJiird  stope^  which 
is  40  feet  high.  The  third  terrace  replaces  the  original  hill 
top.     (See  page  502.) 

The  Middle  hill  has  been  worked  back  from  the  creek 
westward  450  feet  to  the  foot  of  the  first  stope.  At  its 
southern  side  a  wide  cut  has  been  begun  through  the  hill, 
on  the  water  plane  level,  and  in  November  last  had  reached 
a  length  of  150  feet,  making  600  feet  in  all  from  the  creek, 
the  height  of  the  ore  at  the  head  of  the  cut  being  then  60 
feet. 

The  depth  of  the  ore  mass  beneath  the  water  plane  near 
the  creek  was  tested  by  three  bore-holes,  marked  No.  1, 
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No.  2,  and  No,  3,  on  the  map.  No,  1  is, the  farthest  north 
and  within  140  feet  of  the  trap,  which  is  struck  at  a  depth 
(all  ore)  of  134  feet.  No.  2  is  100  feet  from  the  last,  and 
struck  the  trap  at  179  feet.  No.  3  is  275  feet  from  the  last, 
and  struck  the  trap  at  238  feet.*    (See  page  510.) 

All  three  holes  were  started  at  about  the  same  level,  and 
went  through  the  same  stratiiication  of  ore,  being  ranged 
upon  the  north  and  south  strike  of  the  ore  beds. 

The  depth  of  the  ore-mass  beneath  the  western  branch 
of  Furnace  creek,  between  Middle  hill  and  Grassy  hill,  is 
quite  as  great. 

Bore-hole  No.  4,  1440  feet  S.  76°  VV.  of  No.  3,  150  feet 
from  the  edge  of  the  Mesozoic  red  shale,  and  at  a  level  of 
617'  A.  T.,  went  down  325  feet,  entirely  in  excellent  ore, 
and  without  reaching  the  trap.  Whether  the  ore  mass 
deepens  at  the  Grassy  hill  end  and  passes  under  the  Meso- 
zoic covering  will  be  discussed  under  that  head  of  this  re- 
port.    (See  page  510.) 

In  Big  hill,  at  the  north-eastern  end,  the  ore-mass  shal- 
lows up,  because  it  is  completely  surrounded  by  trap;  but 
the  depth  of  ore  still  remaining  beneath  the  terraces  is  un- 
known, although  a  bore-hole  was  once  drilled  to  test  it, 
without  settling  the  point. 

Bore-hole  No.  5,  (see  map,)  was  sunk  at  a  point  on  the 
flat,  140  feet  nearly  due  east  of  the  railroad  bridge  over  the 
turnpike,  nearly  midway  between  the  two  trap  walls  rising 
to  the  north  and  south  of  it.  Its  mouth  level  was  about  605' 
A.  T.,  and  it  struck  the  trap  at  50  feet,  (555'  A.  T.)  But 
there  was  no  knowing  on  which  trap  wall,  the  northern  or 
the  southern,  the  bore-hole  stopped. 

Now  if,  as  was  taken  for  granted  in  locating  the  bore-hole, 
the  two  walls  meet  at  this  point  in  the  bottom  of  a  basin,  it 
is  plain  that  the  ore  mass  can  be  only  50  feet  deep.  But 
in  fact  there  is  no  evidence  of  a  basin  constructed  on  this 
plan.  On  the  contrary,  the  trap  walls  are  so  far  oflf  from 
the  hole  that  if  they  came  together  at  its  bottom  their  sur- 
faces would  have  a  slope  of  only  about  16°,  whereas  the 

*This  bore-hole  went  down  2  feet  further  In  trap  and  was  then  stopped. 
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noi'thern  trap  wall  has  a  slant  of  38°  at  a  distance  700' 
further  west,  as  shown  by  the  line  of  bore-holes  Nos.  1,  2, 
3 ;  corresponding  to  the  exposed  face  of  trap  in  Big,  Middle, 
and  Grassy  hills,  slanting  everywhere  between  30°  and  40°. 
And  the  southern  trap  wall^  as  far  as  it  has  been  shown  by 
natural  exposures  or  by  mining,  instead  of  sloping  gently 
towards  the  north,  stands  much  steeper,  and  in  some  places 
seems  to  be  going  down  southwards.  If  the  bore-hole  had 
been  put  down  nearer  the  south  wall  it  might  have  gone 
much  deeper  in  ore.     (See  page  526.) 

Calculation,  however,  is  set  at  naught  by  the  great  irreg- 
ularities of  the  surface  of  the  trap  in  both  walls. 

A  huge  shoulder  of  trap  projects  some  distance  from  the 
south  wall  on  the  600-foot  level,  and  has  helped  to  frame 
the  opinion  that  Big  hill  is  a  shallow  basin.  Two  masses 
of  trap  project  through  the  floor  of  ore  on  the  upper  ter- 
race, apparently  having  no  connection  with  the  trap  walls, 
although,  of  course,  they  must  be  connected  underground. 
And  on  the  terrace  next  below,  not  worked  at  present,  the 
northern  side  of  the  ore  mass  is  studded  with  such  trap 
knobs,  being  no  doubt  irregularities  of  the  northern  trap 
wall. 

The  Ore-mass  in  Big  hill. 

From  the  Ore  Bank  Company's  railroad  bridge  crossing 
the  pike,  east  of  the  Weigh-house  to  the  eastern  wall  of 
trap  rock,  the  ore  deposit  is  about  1400  feet  long,  and  aver- 
ages about  400'  in  width. 

The  top  level  or  800'  terrace  is  about  700x400  feet. 

The  south  side  is  pretty  generally  worked  down  to  an  800 
foot  level,  very  irregular  along  the  trap  wall,  owing  to  fre- 
quent shoulders  and  oflf-shoots  of  dolerite  protruding  from 
the  main  body.  The  north  half  of  this  level  is  composed 
almost  entirely  of  the  soft  reddish  stirface-ore,  the  present 
direction  of  working  tending  to  cut  down  a  50-60  foot  face 
of  this  ore  to  the  general  level  of  the  terrace.  The  average 
shipment  from  this  level  amounts  to  about  60  cars  a  day. 

The  ore  is  readily  mined,  owing  to  its  soft  character,  and 
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requires  bnt  little  blasting.  I  saw  a  good  deal  of  black  and 
brown  mica  mixed  with  this  ore  and  some  hornblende. 

In  the  second  level,  just  below  the  one  already  described, 
no  work  was  being  done.  It  is  here  that  the  trap  seems  to 
send  out  tongues  into  the  ore  body,  dividing  a  5()-foot  face 
of  ore  into  four  or  five  parts.  These  divisions,  however, 
are  by  no  means  distinct  or  absolute,  varying  considerably 
jn  thickness  and  prominence,  and  displaying  many  other 
irregularities.  This  feature  ceases  about  50  feet  from  the 
north  wall.  At  the  south  side  of  this  level  the  ore  is  lean, 
and  contains  large  masses  of  the  greenish  soapy  gangue 
rf)ck.  Large  quantities  of  this  worthless  stuff  have  been 
used  in  the  construction  of  sidings  outside  the  ore-body. 

The  tracks  of  the  third  level  are  designed  to  carry  off  the 
ore  mined  from  a  face  of  ore  120'  high.  The  aspect  of  this 
face  is  magnificent,  and  to  the  traveler  approaching  the 
mines  from  Lebanon  by  wagon  along  the  pike  this  superb 
face  of  ore  is  almost  the  first  thing  noticed  as  he  emerges 
from  behind  the  railroad  bank  through  the  bridge  portal. 
It  must  be  seen  to  be  appreciated. 

Along  the  north  side  of  the  hill  the  deposit  is  rather 
cherty  and  siliceous,  and  shows  small  offshoots  of  trap  of 
short  extension. 

The  shipments  here  vary  from  1000  to  1500  cars  per 
month,  and  the  work  of  the  drill  in  this  hard  ore  ranges 
from  80'  to  150'  per  day. 

The  Robesonia  Iron  Company  mines  at  present  along  the 
south  side  of  this  face,  cai-ting  its  ore  to  the  point  of  the 
hill  and  dumping  it  down  to  the  lowest  level.  This  mining 
is  comparatively  expensive. 

The. fourth  level  is  about  40'  below  the  last,  or  605'  A.  T. 
No  work  was  being  carried  on  there.  It  shows  clearly  the 
wavy  structure  of  the  ore  and  slate  in  Big  hill. 

From  here  to  the  level  of  Furnace  creek  is  about  35',  all 
ore  ground,  but  preserved  for  railroad  tracks,  roads,  etc. 

The  ore-mass  in  Middle  hill. 

The  general  appearance  of  the  ore  here  is  most  excellent 
and  the  Ore  Bank  Company  regard  it  as  the  great  future  suj)- 
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ply  store,  both  on  account  of  the  width  of  the  deposit  and 
of  its  depth  as  shown  by  bore-hole  No.  4.  Very  little  ''No. 
1 "  or  fine  surface  ore  remains  here,  being  roughly  confined 
to  the  670'  contour  line,  and  fast  disappearing. 

All  the  ore,  however,  has  the  property  of  roasting  itself ; 
that  is,  a  large  percentage  of  its  sulphur  disappears  after 
it  has  been  exposed  to  atmospheric  influence  for  about  two 
years,  the  action  taking  effect  through  a  vertical  depth  of 
about  3  yards. 

The  characteristic  features  of  the  entire  Cornwall  deposit 
can  be  best  studied  on  this  hill,  every  variety  of  ore  and 
gangue  rock  being  prominently  exposed.  The  deepest  and 
freshest  ore  is  exposed  in  the  water  level  cut ;  but  thus  far 
down  no  appreciable  increase  in  the  percentage  of  iron  py- 
rites takes  place ;  and  from  the  bore-hole  samples  no  in- 
crease is  to  be  expected  until  great  depths  are  reached.  In 
this  cutinterstratification  of  ore  and  gangue  rock  (a  green- 
ish, talcose  lime-magnesia  slate,)  are  well  seen,  (see  Photo- 
graph plate  No.  5,)  and  the  analogy  with  the  occurrence  of 
the  ore  measures  at  Wheatfield,  Boyertown,  etc.,  estab- 
lished. 

About  300'  in  the  cut  there  is  a  barren  spot  of  bastard, 
slaty  limestone,  in  which  there  is  probably  but  a  very  low 
percentage  of  iron,  resembling  closely  the  '* horses"  or 
"wedges"  of  similar  rock  found  at  Warwick  and  Gabel 
mines  of  Boyertown,  which  oblige  the  operators  there  to 
divide  their  main  entries  and  carry  foot  and  hanging-wall 
gangways  around  on  ore. 

Beyond  this  (further  west)  the  face  shows  successive 
streaks  of  ore  and  gangue  from  2  to  6  feet  thick,  suggesting 
the  original  alteniate  richness  and  poorness  of  the  pyritif- 
erous  lime-shales. 

Milky  quartz  occurred  here  in  the  form  of  a  lenticular- 
shaped  mass,  probably  2'  wide  in  the  center  tapering  down 
at  the  ends,  and  2  feet  long,  enough  to  fill  a  good-sized  wheel- 
barrow.    The  quartz  was  embedded  entirely  in  the  ore. 

A  regular  quartz  conglomerate  containing  pebbles  of 
white  and  pink  quartz,  from  the  size  of  a  pea  to  that  of  a 
large  marble,  accompanied  with  feldspar,  and  generally  hav- 
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ing  a  decidedly  green  cast  (due  to  a  greenish  silicate  min- 
eral, probably  chlorite,  or  some  greenish  mineml  with  an 
equal  power  of  resisting  decomposition)  occurs  between  the 
650'  and  670'  contour  lines,  according  to  Mr.  Boyd,  in 
masses  weighing  from  a  ton  down  to  smaller  sizes,  but  all 
surrounded  by  ore,  and  without  any  definite  arrangement. 

At  present  but  two  wedges  are  sticking  up  out  of  the  650' 
terrace  ;  but  a  great  quantity  of  the  blasted  and  broken 
rock  remains  on  the  surface.  So  far  this  rock  has  been  met 
with  nowhere  else  in  mining  ;  no  rocks  in  the  surrounding 
hills  bear  any  relation  to  it  in  character  or  composition. 

Above  and  west  of  this  are  two  limestone  knobs  sur- 
rounded by  the  soft  surface  ore,  where  a  good  deal  of  the 
original  surface  is  undisturbed.  (See  photograi)h  plate  op- 
posite page  611.) 

Copper  ill  Middle  JiilL 

On  both  sides  of  the  hill,  along  the  limestone  ridges  and 
knobs,  numerous  small  drifts  mark  old  explorations  for 
copper. 

This  metal  is  found  in  the  native  state,  as  a  carbonate, 
as  red  oxide,  but  chiefly  as  a  sulphide.  It  occurs  in  irreg- 
ular thin  seams,  which,  traced  downwards,  always  change 
into  the  double  sulphide  of  copper  and  iron,  then  into  iron 
pyrites  entirely.  This  usually  occurs  in  a  distance  of  from 
30  to  40  feet. 

Grassy  hill. 

On  Grassy  hill,  owing  to  the  cessation  of  active  mining 
operations,  very  little  of  interest  is  to  be  seen. 

No  break  in  the  south-westward  extension  of  the  ore  from 
Middle  hill,  across  the  branch  of  Furnace  run,  is  apparent. 

The  general  appearance  of  the  Grassy  hill  ore  is  lean  and 
uninviting  now,  owing  to  the  presence  of  much  wash  and  a 
large  mass  of  decomposed  slaty  limestone  clay^  which  cov- 
ers more  than  one  half  of  the  present  excavation,  extend- 
ing from  the  railroad  track  south  to  the  red  sand  wash. 

Limestone^  in  place,  shows  at  the  switch  upon  entering 
the  hill  and  dipping  south-west.  It  is  further  north  than 
any  of  the  outcrops  already  mentioned,  and  its  decomposed 
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soil  is  in  all  respects  like  the  buflf-colored  clay  so  generally 
an  accompaniment  of  tlie  valley  limonites. 

A  considerable  amount  of  red  hematite  was  mined  from 
this  part  of  the  hill ;  while  to  the  north  and  west,  adjacent 
to  the  trap  wall,  the  characteristic  greenish  black  iron  ore, 
slate  and  shoulders  of  trap,  so  common  elsewhere,  are  re- 
peated. The  ore  has  only  been  taken  out  from  about  70' 
from  the  top  of  the  hill,  and  no  further  development  is  con- 
templated here  until  the  extension  of  the  railroad  through 
Middle  hill.  No  bore-holes  have  been  drilled  here.  The 
idea  that  the  ore  shelves  up  south-westward  here,  as  it  does 
north-eastward  in  Big  hill,  has  no  foundation  in  fact,  and 
the  only  argument  that  could  be  adduced  for  it  is  the  fact 
that  the  trap  wall  slants  eastward  in  a  steep  and  irregular 
manner. 

The  Stratification  of  the  Ore-mass. 

The  second  point  of  interest  to  the  eye  of  the  observer, 
and  of  the  utmost  importance  to  the  geologist,  is  the  uni- 
versal, regular,  and  apparently  horizontal  stratification  of 
the  whole  deposit,  in  all  three  hills,  exhibited  along  the 
faces  of  the  stopes. 

It  is  plain  to  see  that  this  stratification  is  original  to  the 
formation  and  antedates  its  conversion  into  ore,  or,  at  all 
events,  antedates  the  development  of  its  present  character- 
istic mineralogical  features  ;  for  the  whole  mass  consists  of 
thick  and  thin  beds,  regularly  superimposed  upon  each 
other,  having  been  deposited  one  after  another,  as  in  the 
case  of  unchanged  sedimentary  strata,  in  an  almost  if  not 
quite  horizontal  order.     (See  photograph  plate  opposite.) 

But  when  this  stratification  is  looked  at  sidewise,  as  ex- 
posed in  the  side  stopes,  and  especially  in  the  great  cut 
through  the  Middle  hill  (see  plate  No.  5)  a  general  dip  of 
the  ore  beds  towards  the  south-west,  in  almost  all  parts  of 
the  mine,  is  plainly  visible.  This  general  dip  of  the  ore 
I  mass  from  Big  hill  through  Middle  hill  into  Grassy  hill 

j  and  towards  the  edge  of  the  Mesozoic  at  the  south-west 

end,  amounts  to  about  fi°,  in  some  places  being  less,  and  in 
others  as  high  as  10°  or  even  12°. 
33 
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Wherever  possible  mining  operations  are  directed  against 
the  horizontal  basset-edges  of  the  beds ;  by  this  arrange- 
ment heavier  and  cleaner  blasts  are  secured. 

Along  the  south  side  of  the  ore  ground,  where] the  lime- 
stone beds  appear  (to  be  described  below,)  there  is  some 
departure  from  the  general  direction  and  strength  of  dip, 
which  can  be  accounted  for  without  much  difficulty  by  a 
general  settling  of  the  whole  ore-formation  in  the  process 
of  change  from  its  original  condition  of  sedimentary  lime 
shale  beds  to  its  present  state  of  a  stratified  ore-mass ;  to 
which  change  of  character  and  position  the  undissolved 
limestone  beds  would  only  partially  conform. 

The  situation  of  the  ore  mass  in  the  great  limestone  val- 
ley and  surrounded  by  a  formation  of  lime  shales  (to  be 
described  further  on,)  would  of  itself  make  it  probable  that 
it  was  originally  a  formation  of  lime-shales  containing  more 
or  less  magnesia,  silica,  alumina,  and  iron  pyrites  ;  and  the 
probability  is  greatly  increased  by  the  bedded  and  lamin- 
ated stratification  ;  it  is  converted  into  certainty  by  the  fact 
that  a  considerable  thickness  of  unchanged  lime-shale  lay- 
ers, passing  upward  into  solid  beds  of  hard  limestone 
(whitened  and  semi- crystallized  by  the  same  agency  which 
produced  the  ore  mass,)  show  themselves  near  the  southern 
side  of  the  Middle  hill  mine,  in  the  body  of  the  ore-mass, 
which  has  been  quarried  on  both  sides  of  them,  above,  and 
beneath  them.  These  unchanged  lime  shales  at  one  place 
are  seen  resting  upon  the  ore ;  at  another  place  the  lime- 
stone beds  dip  under  the  ore  layers  at  the  same  angle,  and 
apparently  change  gradually  into  ore. 

But  besides  this  interstratilication  of  limestone  and  lime 
shales  with  the  ore,  there  is  at  one  place  what  can  only  be 
regarded  as  an  interstratified  layer  of  sandstone  and  fine 
conglomerate.*  In  stoping  down  to  the  first  or  high  terrace 
of  Middle  hill  a  range  of  blocks  of  this  rock  was  uncovered 
which  extended  through  10  feet  of  the  ore  vertically,  100 
feet  long  and  20  feet  wide.  The  blocks  fell  from  the  face 
of  the  stope  one  by  one,  and  most  of  them  still  lie  in  a  pile 

*  Already  decicribed  on  page  51L 
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on  the  floor  of  the  terrace,  awaiting  the  approach  of  the 
mining  operations  from  below,  when  they  will  all  fall  to  the 
water  level  plain.  Two  of  them  still  remain  half  embedded 
in  the  terrace  floor. 

These  sandstone  blocks  could  get  into  the  ore  mass  in  no 
known  way.  They  must  be  part  of  its  original  stratifica- 
tion :  and  their  separated  and  rounded  forms  can  be  perhaps 
explained  by  reference  to  similar  rocks  left  standing,  with 
edges  rounded  by  solution,  in  the  great  brown  hematite 
mines  of  the  State ;  for  example,  that  of  tlie  Pennsylvania 
furnace,  in  Centre  county.  The  original  production  of  such 
laj^ers,  or  rather  streaks  of  sand  and  gravel,  in  limestone 
formation  No.  II  is  nevertheless  one  of  the  most  curious 
and  mysterious  items  of  sedimentary  geology.  But  how- 
ever formed  at  first,  they  serve  well  in  evidence  that  the 
Cornwall  magnetic  iron  ore  mass  is  as  sedimentarj'^  a  forma- 
tion as  the  browm  hematite  ore  masses  in  other  parts  of  the 
State,  and  that  it  was  like  them  originally  a  formation  of 
magnesian  limestone  beds,  some  thick  and  hard,  others 
very  thin,  laminated,  soft,  and  easily  acted  upon  by  water. 

The  magnetic  quality  of  the  whole  Cornwall  ore-mass 
does  not  prevent  this  resemblance  to  the  brown  hematite 
ore  masses ;  for  Dr.  Genth  found  minute  crystals  of  mag- 
netic iron  in  the  brown-hematite  ore  of  Centre  county ;  and 
such  might  probably  be  found  on  very  careful  search  in 
many  mines.  He  also  found  that  some  of  the  brown-hem- 
atite (limonite)  had  parted  with  a  portion  of  its  water  of 
hydration,  and  this  observation  also  might  be  repeated  at 
many  mines.  Both  of  these  facts  indicate  the  beginnings 
of  a  change  of  the  brown-hematite  ore  bodies  from  their 
condition  of  hydrated  peroxide  (limonite)  towards  that  con- 
dition of  anhydrous  sesquioxide  (magnetite)  in  which  we 
find  the  whole  body  of  Cornwall  ore  to  have  been  already 
brought. 

But  the  strongest  evidence  of  the  original  stratification 
remains  to  be  stated,  as  follows : 
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The  interstratified  limestone  beds, 

Beds  of  bluish  and  white  limestone,  some  of  them  a  fair 
white  marble,  crop  out  at  several  places  in  the  mine,  and  in 
such  a  manner  as  to  show  that  they  are  portions  of  the  for- 
mation left  in  an  unchanged  condition,  while  the  greater 
part  of  it  has  been  converted  into  a  mass  of  ore.  They  are 
interstratified  in  the  ore-mass,  and  have  been  left  standing 
in  knobs  and  ridges,  while  the  ore  has  been  mined  away 
around  them. 

In  texture  and  color  they  resemble  many  of  the  beds  of 
the  Lebanon  valley  quarries  and  the  thin  lime-shale  beds  in 
the  railroad  cuts  between  Cornwall  and  Lebanon.  They 
must  belong  to  the  great  limestone  formation  of  the  Leb- 
anon valley  ;  and  their  presence  in  the  ore-mass  only  serves 
to  prove  that  the  ore-mass  is  itself  as  much  a  part  of  the 
vallev  limestone  formation  as  are  the  numerous  brown 
hematite  ore  masses  which  are  mined  along  the  valley. 

The  principal  exhibition  of  limestone  occurs  on  the 
southern  side  of  Middle  hill.  A  low  ridge  of  limestone 
runs  along  the  southern  border  of  the  main  body  of  ore, 
dipping  beneath  or  into  it.  But  the  ridge  consists  of  two 
sets  of  limestone  beds,  and  ore  is  mined  between  them,  and 
also  under  them,  L  e.^  behind  or  south  of  the  lower  set  of 
lime  beds.     (See  plate  on  page  516.) 

In  a  line  with  this  range,  but  1000  feet  from  its  eastern 
end,  white  crystalline  limestone  is  exposed  at  the  south  end 
of  Big  hill,  at  the  angle  of  the  trap  wall,  just  north  of  the 
carpenter  shop,  partially  concealed  by  the  ore  piles  of  the 
Robesonia  Company,  so  that  its  dip  is  obscure,  but  seems 
to  be  towards  the  south-east. 

On  the  northern  side  of  Middle  hill,  and  at  its  very  top, 
near  the  three  tongues  of  trap,  two  sets  of  limestone  beds 
crop  out,  and  have  been  left  standing  as  peaks  (125  feet 
above  the  railroad  level)  overlooking  the  whole  mine,  and 
even  overlooking  the  ridge  of  trap.  These  lime  strata  dip 
southwards  into  the  ore  mass,  so  that  ore  has  been  mined 
above,  between,  and  beneath  them  ;  that  is,  between  the 
lowest  set  of  lime  beds  and  the  trap.     (See  page  502.) 

South-west  of  these  peaks  and  on  the  great  floor  of  the 
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mine  is  another  outcrop  of  white  limestone  exposed  in  a  low 
cut  at  the  end  of  one  of  the  rail  tracks.  The  rock  is  much 
broken  and  no  certain  dip  can  be  assigned  to  it.  It  is  in  the 
midst  of  the  ore-mass,  80  feet  south  of  the  sloping  face  of 
trap,  50  feet  above  the  railroad  level  on  Furnace  run,  east 
branch,  and  30  feet  above  the  water  of  the  west  branch. 
Whether  this  limestone  exposure  is  directly  continuous 
with  that  of  the  peaks  is  not  jjlainly  shown.  It  may  bean- 
other  and  higher  set  of  beds. 

Another  exhibition  of  limestone  occurs  still  further  on, 
where  the  switch  enters  Grassv  hill.  The  limestone  beds 
here  dip  south-west.  Their  soil  is  like  that  of  the  lime- 
stone valley  generally.  This  exposure  is  so  much  further 
north-west,  than  the  others  that  no  connection  with  their 
strike  lines  is  possible. 

These  limestone  exposures  require  a  more  particular  de- 
scription for  the  better  understanding  of  the  ore-mass. 

The  southern  range  of  limestone  in  Middle  hill  has  its 
north-eastern  end  at  the  short  railroad-cut  through  which 
the  ore  from  the  western  i)art  of  Middle  hill  is  brought  to 
the  main  tracks  in  the  valley  of  the  east  branch.  This  cut 
is  nearly  20  feet  deep  at  its  west  end,  where  a  little  peak  of 
solid  limestone  beds  is  left  standing,  from  the  top  of  which 
a  good  view  of  the  limestone  range  and  its  relationship  to 
the  ore  mass  can  be  got. 

Here  the  solid  beds  of  white  dolomite  marble  are  seen 
alternatino;  with  shaly  limestones,  without  any  traces  of 
iron  pyrites,  capped  with  some  remains  of  the  ore-mass 
which  once  covered  them,  and  all  dipping  north-westward 
about  30°  towards  and  into  the  ore-mass,  upon  the  great 
mine  floor  or  terrace  of  which  the  cut  opens  westward. 

This  sjjot  is  especially  important,  because  the  sujierinten- 
dent,  Mr.  Boyd,  informs  me  that  an  old  drift  (after  copper 
ore)  was  once  put  in  on  the  north  side  of  the  little  ridge, 
40'  lower  down,  which  was  of  course  expected  to  strike 
the  limestone  beds  ;  instead  of  wliich  the  drift,  commenced 
in  solid  iron  ore,  continued  in  iron  ore  under  the  limestone, 
showing  that  the  limestone  beds  lose  themselves  dowmoards 
in  the  ore  mass,  or  turn  to  solid  ore.     This  tradition  can- 
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not  now  be  verified  ;  but  hereafter  in  the  progress  of  mining 
the  fact  will  either  be  proved  or  disproved  by  the  laying 
bare  of  the  south  wall  of  the  ore  mass. 

The  little  cut  opens  on  to  the  620'  A.  T.  terrace  of  ore  on 
the  west,  and  is,  therefore,  620'  —  575' =  65' above  the  level 
of  the  great  water  plain  of  ore  on  the  east.  The  strike  of 
the  limestone  beds  in  the  cut  ought  to  bring  them  out  upon 
the  water  plain,  but  they  do  not  make  their  appearance  in 
the  ore- mass  in  that  direction.  Evidently  the  limestone 
beds  of  the  cut  do  not  run  on  eastward  towards  the  Big  hill ; 
and  the  exposure  of  limestone  near  the  carpenter  shoj)  at 
the  Big  hill  has  no  underground  connection  with  the  lime- 
stone beds  of  the  cut.  This  is  confirmatory  of  the  tradition 
above  mentioned,  namely,  that  the  old  copper  ore  search 
went  under  the  limestone  in  solid  ore.  It  is  confirmatory 
also  of  the  view  that  the  solid  limestone  beds  are  lenticular 
and  that  the  lime-shale  beds  turn  into  ore. 

The  section  of  N.  W.  dipping  limestone  beds  in  the  cut 
reads  thus : 

1.  MagDetio  iron  ore  left  on  the  N.  W.  sloping  ends  and 

tops  of  the  side  walls  of  the  out,  resting  on  lime- 
stone. 

2.  Limestone  beds,  dolomitio,  blae,  orystalline,    ....  10'  to  15' 
8.  Limestone,  sbaly  and  greenish  shales, 12' 

4.  Limestone,  solid,  blue, 8'  to  10' 

5.  Limestone,  slaty,  reddish  brown,       6' 

6.  Limestone,  massive,  white,  orystalline  (marble,)  in 

two  beds,  ....  15'  to  20' 

The  dip  is  about  30°  towards  the  north-west,  with  some 
curvature  and  slight  crumpling.  This  north-west  direction 
is  transverse  to  the  south-west  stratification  of  the  ore-mass 
of  the  Middle  hill  taken  as  a  whole.  But  it  is  no  evidence 
of  non-conformity ;  for,  in  the  low  south-east  border  wall, 
or  present  stoping  ground  of  the  620'  terrace,  white  crys- 
talline limestone  and  lime-shale  beds  are  exposed  for  100 
feet,  with  the  same  north-west  dip,  and  include  three  dis- 
tinct ore  horizons  regularly  interstratified  with  the  lime 
beds  dipping  in  the  same  direction  and  at  the  same  angle  ; 
showing  very  plainly  that  the  ore  was  once  lime-shale ;  and 
then,  overlying  these,  comes  the  uppermost  principal  ore 
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mass,  stratified  in  the  same  manner  and  dipping  in  the 
same  direction. 

It  is  evident,  therefore,  that  the  north-west  dip  merely 
means  that  the  south  border  of  the  whole  formation  is 
turned  up  at  a  steeper  angle  ;  and  this  is  confirmafory  of 
the  assertion  that  the  ore- mass  as  a  whole  has  settled  down 
between  its  rigid  borders  into  a  more  or  less  horizontal  gen- 
erally south-west  sloping  attitude. 

All  this  is  equally  well  show^n  in  an  oi'e  cutting  about  800 
feet  south-west  of  the  little  railroad  cut  just  described. 

Here  a  ridge  of  limestone  and  lime  shales,  interstratified 
with  ore,  rises  to  a  sharp  peak  at  its  west  end,  about  60  feet 
high  above  the  620'  ore  terrace.  At  its  east  end  are  pro- 
jecting lime-shale  beds,  beneath  and  on  each  side  of  which 
the  ore  is  mined.  The  long  narrow  ridge  has  been  left 
standing  like  a  wall  between  the  great  ore-floor  north  of  it 
and  a  deep  wide  trench  of  ore  south  of  it.  The  south  side 
of  the  ridge  shows  alternate  lime-shales  and  stmtified  ore, 
descending  westward  at  about  10°  beneath  the  massive 
white  limestone  which  makes  its  western  peak. 

Figs,  on  page  520  show  this  interstratification,  and  also 
the  sharp  local  contortion  in  the  upper  solid  limestone  beds. 
The  shales  are  here  seen  turning  into  ore  as  they  descend 
westward.  The  solid  limestone  lavers  have  remained  un- 
changed,  except  that  they  have  become  crystalline  and 
white. 

The  interposition  of  crumpled  beds  between  uncrumpled 
beds  above  and  below  them,  here  so  admirably  well  ex- 
hibited, shows  great  and  irregular  lateral  pressure,  acting 
possibly  before  the  metamorphosis  of  the  formation  into 
ore,  but  probably  during  that  process;  for  it  is  precisely 
what  w^e  should  expect  to  happen  when  the  more  solid  por- 
tions of  the  formation,  which  resisted  change,  got  isolated 
and  enclosed  in  a  slowly  moving  mass,  settling  down  upon 
itself  as  it  changed  its  bulk.  Owing  to  this  isolation,  it  is 
impossible  to  affirm  with  certainty  that  the  lower  limestones 
in  this  little  ridge  correspond  to  the  lime  beds  of  the  little 
railroad  cut  700'  to  the  north-east ;  but  if  they  do  not,  they 
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overlie  them  geologically,  so  that  the  top  limestones  in  the 
peak  are  still  higher  beds. 

The  limestones  exposed  on  the  northern  border  of  Middle 
hill,  in  the  high  peaks  before  mentioned,  show  the  same 
curious  isolation.  There  is  no  reason  to  be  assigned  why 
they  did  not  continue  north  eastward  in  front  of  the  trap 
all  the  way  to  Big  hill;  but  not  a  trace  of  limestone  has 
been  encountered  in  the  huge  excavation  of  the  water  plain 
and  the  three  upper  terraces.  The  range  of  limestone,  if  it 
be  a  range  westward,  stops  abruptly  at  the  peaks,  and  it 
looks  as  if  the  ore  will  be  dug  away  from^beneath  them,  as 
well  as  in  front  of  them  and  on  each  side  of  them. 

Figs,  on  page  502  give  sketches  of  the  relation  of  these 
peaks  to  the  mine  stopes,  to  each  other,  and  to  the  tongues 
of  trap  in  the  trap  ridge.  The  sketch  serves  both  for  a  per- 
spective view  and  a  cross-section,  looking  south-wesL  The 
slant  of  the  trap  wall  varies  between  30°  and  40°.  Ore  lies 
between  it  and  the  first  limestone,  and  between  the  first  and 
second  limestone,  and  to  the  left  of  or  over  the  second  lime- 
stone. The  stratification  of  the  ore  mass  in  the  stopes  and 
terraces  wliich  cross  the  scene  in  front  of  the  limestone 
peaks  (which  show  above  them)  is  apparently  horizontal, 
but  in  reality  at  a  gentle  angle  away  from  the  spectator, 
i,  €.,  south-west. 

The  limestone  beds  in  the  left-hand  peak  conform  to  this 
gentle  south-west  dip,  are  10'  to  15'  thick,  are  capped  with 
ore  on  their  south  slope,  and  are  supported  by  stratified  ore 
between  the  peaks. 

The  limestone  beds  of  the  right-hand  peak  (nearer  the 
trap)  are  slightly  warped  upwards,  dipping  south  south- 
west, and  may  be  15'  to  20'  thick.  Underneath  them,  and 
filling  the  interval  of  25'  between  them  and  the  trap,  lie 
stratified  ore  bands,  with  some  talcose  magnesian  slate. 

The  limestone  of  the  right-hand  peak  is  very  much 
altered,  whitened,  crystallized,  and  charged  with  copper. 
The  limestone  beds  of  both  peaks  are  quite  barren  of  ore, 
but  porous,  pock-marked,  and  curiously  honey-combed. 
Some  Cornwall  red  lean  ore  near  by,  in  exactly  the  same 
honey-combed  condition,  is  partially  changed  to  a  pipe  ore, 
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which  a  blow-pipe  analj^sis  showed  to  be  a  tnanganiferous 
limonite  (brown-hematite.)  Better  evidence  could  hardly 
be  desired  that  even  the  solid  limestone  beds  of  the  forma- 
tion have  been  partially  subjected  to  the  same  process 
which  has  converted  its  original  lime-shales  into  the  strati- 
fied ore-mass  of  the  mine. 

The  barren  limestone  ground  on  the  lower  ground  south- 
west of  the  two  peaks,  at  the  end  of  the  railroad  track,  can- 
not be  connected  with  the  limestone  beds  of  the  two  peaks. 
The  exposure  is  poor  and  the  rock  much  altered  and  cleft 
in  several  directions,  seeming  to  dip  30°  or  40°  southwards, 
the  dip  too  obscure  to  give  any  reliable  information. 

The  stratification  of  the  Cornwall  ore  formation  is  thus 
seen  to  include  wholly  or  partially  decomposed  lime  shales, 
and  slightly  or  wholly  unchanged  solid  limestone  beds  ;  i- 
e.,  unchanged  to  ore,  but  altered  to  marble,  made  white, 
crystalline,  and  brittle,  and  remaining  here  and  there  in 
the  mine  as  solid  strata,  sometimes  contorted  and  enclosed 
between  distinct  divisions  of  the  ore-mass.  In  several  places 
the  ore  is  seen  replacing  the  lime  rocks  or  underlying  them. 
As  mnch  as  35  feet  of  solid  ore  is  visible  in  the  face  of  the 
trench  on  the  south  side  of  the  little  limestone  ridge  on  the 
south  side  of  Middle  Hill  mine. 

The  place  of  the  different  solid  limestones  in  the  stratified 
series  cannot  be  made  out,  and  they  cannot  be  used  as  keys 
to  the  structure  on  account  of  their  isolated  situations.  The 
notion  of  an  ore  basin  must  be  abandoned.  The  old  sec- 
tions drawn  on  this  plan  are  quite  false  and  misleading. 
The  section  accompanying  the  MS.  map  of  the  company  was 
unfortunately  constructed  on  a  broken  line  commencing  at 
the  north-east  end  of  Big  hill,  running  along  through  the 
middle  of  the  mine  through  Middle  hill,  and  then  turned  at 
a  high  angle  north-west  to  the  summit  or  the  trap  border  of 
Grassy  hill.  This  gives  it  the  appearance  of  a  broad  shal- 
low basin  with  inward-sloping  trap  walls.  A  section  drawn 
along  such  a  line  could  not  do  otherwise  than  misrepresent 
the  real  facts.  The  longitudinal  section  given  on  page 
516  shows  no  such  basin  shape;  and  the  cross-sections 
show  the  ore  strata  abutting  against  the  sloping  wall  of  the 
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trap.  There  was  no  original  basin.  The  trap  has  cut  diag- 
onally through  the  originally  south-west  sloping  ore-form- 
ation. This  is  the  reason  why  the  limestone  beds  of  the 
two  peaks  seem  to  be  near  the  bottom  of  the  ore  mass,  be- 
cause they  come  so  near  the  trap ;  whereas  they  must  lie 
very  high  in  the  series,  having  5()0  or  600  feet  of  ore  strata 
under  them  ;  otherwise  they  would  dip  south-east  and  cut 
all  the  terraces  and  stopes  down  to  and  beneath  the  water 
plain,  and  would  bave  been  cut  in  bore-holes,  Nos.  1,  2,  3. 
The  trap  dyke  has,  therefore,  cut  its  way  through  all  this 
height  of  ore  strata  to  get  within  20  feet  of  the  limestone  of 
the  right-hand  peak,  and  the  reason  why  the  limestone  has 
not  been  encountered  in  the  stopes  and  terraces  east  of  the 
two  peaks  is  simply  this :  that  the  rise  of  the  stratification 
north-eastward  carries  the  two  series  of  limestones  and  in- 
termediate and  overlying  ore  into  the  air ;  and,  if  this  be  the 
case,  as  it  certainly  must  be,  then  it  further  follows  that  the 
ore  strata  of  Grassy  hill  are  a  different  and  much  higher 
part  of  the  whole  formation  than  the  ore  strata  now  being 
stoped  on  the  eastern  side  of  Middle  hill ;  and  any  differ- 
ence in  the  character  of  the  ores  of  the  two  hills  can  be  thus 
explained. 

From  this  study  of  the  stratification  of  the  Cornwall  for- 
mation it  seems  to  be  a  necessary  inference  that  the  ore 
mass  is  deepest  at  its  south-west  end,  and  that  it  extends  in 
that  direction  an  unknown  distance  beneath  the  Mesozoic 
country,  which  seems  to  cut  it  oflf,  but  which  merely  buries 

it  beneath  a  later  formation  unless  it  be  cut  oflf  by  a  line  of 
fault. 

It  must  certainly  be  conceded  that  it  is  possible  that  a 
line  of  fault  runs  along  the  south  edge  of  the  620  foot  level, 
south  of  Middle  hill,  and  under  the  great  Mesozoic  gravel 
wash  south  of  Grassy  hill.  No  steps  have  ever  been  taken 
to  iltove  or  disprove  the  existence  of  such  a  fault.  The  ore 
is,  indeed,  at  one  place  (back  of  the  limestone  ridge)  mined 
up  to  a  bank  of  red  clay  in  which  stratified  la5^ers  of  the 
Mesozoic  shales  appear,  mouldered  and  wavy,  but  in  their 
original  places.  From  this  outcrop  facing  the  ore-plain  the 
Mesozoic  Dividing  ridge  rises  with  a  steep  wooded  slope. 
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A  thick  wash  of  sand  and  clay  and  fragments  of  red  sand- 
stone from  this  hill  slope  has  spread  itself  over  the  border 
of  the  ore-plain  so  extensively  south  of  the  little  west 
branch  of  Furnace  creek,  where  the  tenant  houses  stand, 
that  there  is  good  reason  to  believe  that  the  ore  extends 
at  least  400  feet  beyond  its  assumed  present  limit. 

In  like  manner  the  southern  extension  of  the  Middle  and 
Big  hill  ore,  in  the  water-plain,  up  Furnace  creek,  is  con- 
cealed by  a  valley- wash  from  the  Mesozoic  Dividing  ridge  ; 
but  here  an  accident  threw  light  upon  the  situation.  In 
grading  the  new  C.  &  L.  R.  R.  to  Miners'  village,  ore  was 
lifted  at  a  point  much  to  the  south  of  the  previously  ad- 
mitted limit  of  ore-ground  ;  and  there  seems  no  assignable 
good  reason  why  the  ore  should  not  extend  under  the  whole 
wash,  and  under  the  hill  slope  to  the  south — always  ex- 
cepting the  possibility  of  a  fault. 

But  this  brings  us  to  the  important  question:  What  is 
the  real  geological  relationship  of  the  stratified  ore-mass, 
with  its  limestone  beds,  to  the  Mesozoic  formation  which  so 
evidently  abuts  against  it  ? 

The  Mesozoic  formation  at  Cornwall, 

At  the  south  base  of  Big  hill  important  artificial  expos- 
ures of  Mesozoic  altered  purple-colored  clay  strata,  with 
slaty  texture  and  filled  with  decomposed  whitish  grains  of 
feldspar,  have  been  made  all  along  the  Cornwall  Ore  Bank 
railroad,  from  near  the  carpenter  and  blacksmith's  shop  to 
the  engine-house,  a  distance  of  about  1000  feet. 

These  strata  dip  N.  W.  at  an  angle  of  15°  to  20°;  and 
they  are  cut,  at  the  carpenter  shop,  by  a  trap  dyke  some 
yards  wide,  which  represents  the  south  hook  of  the  great 
trap  of  Big  hill. 

At  the  end  of  the  C.  &  L.  R.  R.  siding,  350'  south-east  of 
the  engine-house,  and  400'  south  of  the  miners'  houses  on 
the  hill  above,  is  another  clean  exposure  of  Mesozoic  beds, 
dipping  N.  W.  about  18°,  into  the  hill,  thus  : 

Soil  and  subaoil,  faU  of  red  and  white  quartz  pebbles,  .  8'  to  10' 

Red  »halG  and  red  sandstone  layers,  broken, 1'  or  more 

A  bed  of  ^my  conglomerate,  without  distinct  stratifica- 
tion; pebbles,  quartz  and  some  feldspar, 6' 


GEOLOGICAL  suitVEY  OF  PENS' A,  1885.  [Lesley  <£ 


state  Ridge. 


Ji^rth  CoTfinxUl 


Cor-niralt   sla. 


.Miners'  *iUaffa 


cP InvilliersJ]    Cornwall  iron  ore  mines.  527 

Judging  from  these  almost  coutiniioTis  exposures  of  New 
Red  strata,  and  assuming  a  general  dip  of  18"^  to  the  N.  W. 
(that  is  into  the  south  slope  of  Big  hill,)  there  must  be 
about  300  feet  thickness  of  New  Red  strata  in  the  hill  slope, 
between  the  exposure  in  the  cut  at  the  end  of  the  R.  R. 
switch  and  a  point  in  the  hill  above  the  miners'  houses  (on 
a  line  with  the  carpenter's  shop)  160'  above  water  level. 
These  300  feet  of  New  Red  measures  must  abut  against  the 
trap  ;  and  therefore  the  trap  dyke  must  represent  a  line  of 
downthrow  fault. 

Along  the  Cornwall  and  Mt.  Hope  railroad,  about  a 
quarter  of  a  mile  east  of  the  Miners'  village,  appear  beds 
of  Mesozoic  sandstone  dipping  15°,  N.  10°  E.  (not  west,) 
the  exposure  being  about  6  feet  thick  ;  under  which  lie  de- 
composed shales,  8  feet;  under  which  appears  a  pebble 
rock,  3  to  4  feet  thick. 

Further  east  (still  south  of  the  ore  range)  two  prominent 
ridges.  Sheep  hill  and  Templeman's  hill,  are  made  by  an 
outcropping  series  of  Mesozoic  altered  sand  and  mud  strata, 
grayish  in  color  and  distinctly  laminated ;  said  to  take  a 
line  polish. 

At  the  south-west  end  of  the  mine  are  similar  exhibi- 
tions of  Mesozoic  rocks  in  place. 

The  Grassy  bill  trap  (south  edge  of  it)  crosses  the  public 
road  from  Cornwall  to  Mt.  Hope  close  to  (100  feet  of)  where 
the  road  crosses  the  little  west  branch  of  Furnace  creek. 
On  this  road,  200  yards  south  of  the  trap,  Mesozoic  altered 
pinkish  and  purple  hard  broken  slates  show  themselves  for 
a  distance  of  60  feet,  and  seem  to  have  a  strong  N.  W.  dip. 

South  of  this,  and  until  the  road  reaches  the  summit  of 
the  Dividing  ridge,  the  whole  surface  is  a  wash  of  pebble, 
sand,  and  mud;  and  this  wash  stuff  covers  the  slope  and 
low  ground  south-east  and  east  of  Grassy  hill  all  the  way 
past  bore-hole  No.  4,  to  the  limestone  ridge  on  the  south 
side  of  Middle  hill ;  and  it  is  under  the  edge  of  this  wash 
that  the  ore  behind  (/.  e.  on  the  south  side  of)  the  limestone 
ridge  seems  to  lie. 

[Here  the  Mesozoic  ridge  is  made  by  coarse  and  fine  Meso- 
zoic strata,  descending  N.  W.  at  a  dip  of  about  17°. 
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This  Mesozoic  wash  of  red  sand  and  gravel,  which  seems 
to  make  a  universal  covering  to  tlie  northern  slope  of  the 
Dividing  ridge,  consists  mostly  of  loose  red  sand  and 
rounded  pebbles  of  red  quartzite  and  white  quartz.  The 
thickness  of  the  wash  varies  greatly ;  in  some  places  it  is 
10'  thick ;  at  Mr.  Grubb's  new  bore-hole  (f  mile  S.  W.  of 
Miners'  Village)  it  is  reported  by  the  drillers  to  be  125'  thick. 

This  bore-hole  is  the  first  and  only  attempt  as  yet  made 
to  explore  underground  south  of  the  Cornwall  ore  mine. 

Its  mouth  is  on  ground  d7(y±z  A.  T.,  and  its  bottom 
(at  present  writing)  reaches  (970'— 750'=)  220'  A.  T. 

Bore-hole  No.  3,  in  the  water  plain  of  the  ore  mine,  has 
its  mouth  at  570'  A.  T.  and  goes  down  to  (570'— 238'=)  332' 
A.  T. 

Assuming  a  distance  of  3600'  and  a  dip  of  only  12°  from 
Mr.  Grubb's  hole  to  the  south  edge  of  the  ore  mine,  the 
rock  at  the  top  would  descend  to  (970'— 760=)  21(/  A.  T., 
and  the  last  rock  struck  at  the  bottom  of  Mr.  Grubb's  hole 
would  abut  against  the  ore  mine  at  a  depth  of  (750' — ^210'=) 
540'  below  tide;  or,  in  other  words,  (540'-f332=)  872'  belozo 
the  bottom  of  bore-hole  No.  3. 

It  is  therefore  impossible  to  conceive  of  any  hole  drilled 
on  the  slopes  of  the  Dividing  ridge  striking  the  Cornwall 
ore  mass,  however  deep  it  may  be  drilled  ;  the  deeper  the 
worse ;  for  the  deeper  such  a  hole  goes  the  further  away 
from  the  ore  it  gets. 

The  dip  of  the  red  shale  &c.  through  which  the  diamond 
drill  descended  cannot  be  distinctly  made  out  either  in  force 
or  direction.  The  cores  have  a  diameter  of  only  1^  inches, 
and  were  not  drawn  up  with  sufficient  precautions  against 
rotation.  But  there  can  be  no  doubt  about  the  north-west 
direction  of  the  dip,  /.  e.  towards  the  ore  mine. 

The  cores  fractured  obliquely  but  not  smoothly.  One 
piece  from  near  the  bottom,  sent  by  Mr.  Grubb  for  exami- 
nation, is  leveled  oflf  at  a  slope  of  about  5^  in  24.  This  in- 
dicates a  dip  of  12°,  which  agrees  with  all  we  know  of  the 
general  dip  of  the  formation,  and  may  be  safely  taken  as  a 
basis  for  a  calculation  such  as  has  been  made  above. 

If  the  observed  dips  of  15°  and  18°  be  made  the  basis  of 


(P InvUliers.]    Cornwall  iron  ore  mines.  529 

calcuLition  the  result  will  be  the  same,  and  lead  still  more 
forcibly  to  the  same  conclusion. 

It  is  evident  to  me  that  a  downthrow  fault  runs  along  the 
southern  edge  of  the  ore  mine ;  and  that  many  thousand 
feet  of  Mesozoic  strata  are  swallowed  up  by  this  fault ;  but 
it  is  impossible  to  draw  the  line  of  the  fault  upon  the  map 
until  the  edge  of  the  ore  has  been  uncovered,  for  the  edge 
of  the  ore  will  necessarily  be  along  the  line  of  the  fault. 

It  is  impossible  to  say  at  present  whether  the  line  of  fault 
is  a  straight  or  a  crooked  line  ;  but  the  shape  of  the  ground 
indicates  that  in  Big  hill  the  line  of  fault  follows  the  south 
edge  of  the  trap  down  to  the  carpenter  shop  on  Furnace 
creek,  and  that  there  a  cross  fault  sets  the  wall  of  Mesozoic 
rocks  back  to  the  south.  It  is  evident  that  the  fault  must 
run  close  south  of  the  limestone  ridge  of  Middle  hill,  and 
so  on  under  the  wash -ground  south  of  Grassy  hill.  West 
of  the  Mt.  Hope  road  the  trap  probably  takes  up  the  line 
of  fault,  but  nothing  of  this  can  be  known  until  bore-holes 
are  drilled  transversely,  or  until  mining  operations  are  ex- 
tended in  this  direction. 

It  is  evident  that  the  ore-mass  is  deepest  against  the  fault, 
and  that  it  grows  deeper  westward  as  it  runs  along  the  fault ; 
but  whether  or  not  the  ore-mass  is  cut  oflp  bv  the  south-l)ear- 
ing  trap  of  Grassy  hill  coming  up  to  the  fault  is  not  appa- 
rent ;  nor  can  it  be  safely  reasoned  on  with  our  present  data. 

The  slant  of  the  fault  downwards,  if  it  be  not  vertical,  is 
quite  unknown  ;  if  it  be  vertical,  then  the  ore  will  have  a 
vertical  wall.  If  it  slants  southward,  as  is  probable,  then 
the  ore  mass  Avill  practically  work  down  under  the  over- 
hanging wall  of  Mesozoic  rocks.  Where  the  northern 
trap,  with  its  slant  of  30°  to  40°,  meets  the  plane  of  the 
fault  and  descends  into  it,  the  ore  will  stop,  and  that  will 
be  the  actual  bottom  of  the  ore-mass. 

The  ore  mass  ma}''  then  be  looked  upon  as  a  lune-shaped 
fragment  of  the  north  wall  of  the  fault,  separated  from  the 
limestone  formation  of  the  valley  (to  which  it  belongs)  by  the 
trap  forsaking  in  its  upward  course  the  plane  of  fault  and 
tearing  through  the  formation  northward  ;  thus  isolating  the 
fragment,  and  enclosing  it  so  that  it  could  become  subject 
34 
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to  the  ore-forming  process.  The  trap  is  responsible  for  the 
magnetic  quality  of  the  ore  ;  for  at  Hummelstown,  in 
Dauphin  county,  a  similar  great  ore  mass,  lying  against 
what  must  there  also  be  a  faulted  wall  of  Mesozoic  rocks 
is  not  connected  with  trap,  and  is  not  magnetic.*] 

The  internal  c&astitulion  of  the  ore. 

When  the  beds  are  careiully  examined  they  are  seen  to 
differ  from  ordinary  shales  and  line  sandstone  layers  in  one 
important  particular,  their  laminae  are  minutely  rumpled 
into  innumerable  creases  and  fine  folds,  like  a  mass  of  sheets 
of  paper  which  has  been  soaked  in  water  and  subjected  to 
irregular  pressure,  and  little  sections  of  them  are  broken 
and  slipped  past  each  other's  edges.  Almost  every  block 
of  ore  exhibits  this  internal  structure  more  or  less  ;  and  the 
alternation  of  leaves  of  light  and  dark  ore  makes  the  fact 
all  the  more  apparent  to  the  eye  ;  so  that  many  of  the  large 
blocks  when  dressed  to  a  flat  surface  reminds  the  observer 
of  dressed  slabs  of  the  altered  blue  marble  so  much  used  in 
Philadelphia.  Six  such  blocks,  each  intended  to  be  a  cubic 
foot  in  dimension,  have  been  dressed  and  placed  in  two  col- 
umns of  three  each,  one  on  each  side  of  the  front  door  of 
Mr.  Boyd's  oflBce  at  the  mine  ;  a  photograph  was  taken  of 
the  block  which  represents  the  leanest  grade  of  ore  (24  p. 
c.)  and,  therefore,  most  diversified  in  its  constituents.  (See 
photograph  plate  opposite  page  531.)  A  sketch  was  made 
of  the  same  block  but  it  has  not  been  published. 

This  internal  structure  is  evidently  the  effect  of  a  very 
complicated  pressure,  produced  by  a  change  in  the  bulk  of 
the  mass,  due  to  the  removal  of  some  of  its  constituents  by 
solution.  The  whole  mass  settled  upon  itself  as  the  disso- 
lution went  on,  and  in  proportion  to  the  shrinking  of  all 
all  the  leaves  of  each  layer,  and  of  all  the  layers  each  one 
in  itself.  Hence  a  universal  movement  of  their  parts,  in 
various  directions,  in  the  effort  to  adjust  themselves  to  the 
smaller  space  which  they  had  to  occupy.  What  propor- 
tion the  present  bulk  of  the  ore-mass  bears  to  the  original 

*For  the  foregoing  paragraphs  in  brackets  I  am  responsible.— J.  P.  L. 
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bulk  might  be  exactly  calculated  if  we  knew  precisely 
what  the  removed  elements  were,  and  exactly  what  per- 
centage of  the  original  mass  they  constituted. 

It  can  hardly  be  doubted  that  the  carbonates  of  lime  and 
magnesia  were  the  principal  elements  removed  from  the 
original  mass  ;  and  the  analyses  given  below  show  that  there 
still  remains  1  to  5  p.  c.  of  lime,  and  1  to  7  p.  c.  of  mag- 
nesia in  the  ore.  The  lime  does  not  exist  in  the  form  of 
gypsum,  although  sulphur  is  present  to  the  extent  of  i  to 
4  per  cent ;  but  in  combination  with  silica  and  alumina,  of 
which  8  to  21  p.  c.  of  silica  and  1  to  8  p.  c.  of  alumina  are 
present  in  the  ore.* 

The  Chemical  Constitution  of  the  Ore. 

The  first  complete  analysis  of  Cornwall  ore,  made  by  Mr. 
A.  S.  McCreath  at  the  laboratory  of  the  Survey  at  Harris- 
burg,  shows  its  chemical  constitution,  but  not  its  per- 
centage of  iron  unless  taken  with  his  other  analyses,  made 
subsequently,  of  samples  gathered  by  himself  for  the  pur- 
pose, in  August,  1881. 

No.  1.  Cornwall  ''white  ore,"  from  the  east  face  of  Mid- 
dle hill ;  place  in  the  ore  mass  not  stated. 

*»  Cornwall  white  ore.*^  Analysis  No.  1, 

Bisulphide  of  iron, 3.431 

Peroxide  of  iron,    .  .   >  - ,  g-o 

Hesqnioxide  of  iron,  .   ' 

Protoxide  of  manganese, 871 

Oxide  of  cobalt, 490 

Sulphide  of  copper, 1.472 

Alumina, 2.069 

Lime, 9.610 

Magnesia, 7.917 

Sulphuric  acid, 534 

Phosphoric  acid, 038 

Carbonic  acid, none 

*Dr.  Genth  says  of  the  brown* hematite  ore  beds,  in  Report  T^  p.  392: 
**It  is  a  very  remarkable  fact  that,  although  these  [brown-hematite  ore  beds 
of  Centre  county]  are,  to  a  great  extent  at  least,  the  result  of  the  decomposi- 
tion of  limestones  and  by  them  precipitated,  that  almost  tbe  entire  amount  of 
lime  has  been  washed  out  of  them,  and  only  traces  are  remaining;  of  the  sec- 
ond constituent  of  the  limestones,  the  magnesia,  a  somewhat  larger  quantity 
is  left  betiind,  owing,  undoubtedly,  to  the  lesser  solubility  of  its  carbonate  in 
carbonic  acid  water.'' 
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Water,     1.120 

Alkalies  and  undetermined, 

Silica 19.760 


99.464 


Metallic  iron, 89.600 

Metallic  manganese, 288 

Metallic  copper, 507 

Sulphur, 2.567 

Phosphorus, 017 

Phosphorus  in  100  parts  of  iron, .042 

A  number  of  borings  of  ore  for  analyses  were  drilled  from 
each  one  of  the  six  blocks  set  up  in  front  of  the  office  of 
the  superintendent,  Mr.  J.  Taylor  Boyd,  as  standard  sam- 
ples of  the  grades  of  Cornwall  ore.  The  specimen  analysed 
above  would  fall  under  the  head  of  third  grade  ore. 

First  block,  weighing  224  pounds,    first  grade,    62  per  cent  Iron. 


Second  ** 
Third    «« 

267 

267 

l^nd"    12 

Fourth  " 
Fifth     •« 

228 
231 

1  third  ..  i;* 

Sixth     •< 

199 

fourth    •«       24 

«t 


l( 


ct 


II 


II 


The  blocks  were  intended  to  be  exactly  one  cubic  foot  in 
contents,  but  it  was  impossible  to  obtain  perfectly  homoge- 
neous blocks,  and  the  analyses  were  made  by  the  Company 
from  drillings  in  the  bottoms  of  the  blocks.  This  accounts 
for  the  44  per  cent,  ore  block  weighing  less  than  the  42 
per  cent,  ore  block. 

The  following  analyses  by  Mr.  McCreath  are  arranged  in 
the  order  of  their  percentages  of  metallic  iron  to  show  the 
chemical  constitution  of  the  different  grades  of  ore  : 

Cornwall  ore.       Analyses  No,  t.    No,  S,  No,  4.  No,  5, 

Metallic  iron,    .   .       ..  64.900  67.060  61.460  6L060 

Metallic  manganese,  .  .      .168  .064  .072  .116 

Metallic  copper, 006  .447  .669  .295 

Alumina, 824  1.394  1.080  1.289 

Lime, 1.010  2.740  2.600  2.340 

Magnesia, 1.131  3.942  6.662  6.616 

Sulphur, 071  2.631  2.459  3.271 

Phosphorus, 014  .007  .010  .010 

Silica, 3.980  8.660  12.270  11.660 

Phosphorus  in  100  parts 

iron, 021  .012  .019  .019 
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No.  2.  Analysis  of  115  pieces  of  Nigger-bead  ore  from  Middle  hill. 
No.  3.  Ana]3rBis  of  **  No.  8  ore  "  from  east  face  of  Middle  bill. 
No.  4.  Analysis  of  fine  or  soft  No.  8  ore  from  W.  cut,  N.  side,  Middle  bill. 
No.  5.  Analysis  of  fine  or  soft  No.  3  ore  from  W.  cut,  S.  side,  Middle  hill. 

Cornwall  ore.                      Analyses  No.  6.  No.  7.  No.  8. 

Metallic  iron,      48.800  46.400  41.900 

Metallic  manganese, 057  .238  .194 

Metallic  copper, 599  .066  .319 

Alumina, 2.815  7.815  4.970 

Lime,        4.330  2.550  2.810 

Ma^esia,        5.531  2.788  7.457 

Sulphur, 1.807  .050  .428 

Phosphorus, 018  .023  .019 

Silica, 12.940  18.040  20.910 

Phosphorus  in  100  parts  iron, 0.36  .049  .045 

No.  6.  Analysis  of  "  Na  1  ore  '*  from  east  face  of  Middle  hill. 
Na  7.  Analysis  of  Fix  or  Wash  ore,  near  engine  bouse,  base  of  Big  hill ;  sam- 
ple, 25  pounds. 
No.  8.  Analysis  of  «No.  1  light  ore"  from  W.  cut,  S.  face,  Middle  bilL 
All  the  above  ^  ere  dried  at  2120  F.  -f  before  analysis. 

A  comparison  of  these  analyses  brings  oat  the  xjrimefact 
that  the  richness  of  the  ore  depends  on  the  percentage  of 
silica  in  combination  with  its  three  bases,  alumina,  lime, 
and  magnesia,  not  at  all  in  equal  quantities,  but  in  various 
proportions  of  the  three.  Thus,  stated  in  whole  numbers, 
we  have  in  regular  series : 

Iron, 65        57        51^        51        49        46^        42        39| 

Silica,        4         %\      U\        11^      18        18         21        20 

Alumina,  \ 

Lime,      A     .  .  .   2\       8        10^        10^      12       18        15^        20^ 

Magnesia,  ) 

In  this  we  mav  see  an  additional  evidence  of  stratifica- 
tion,  the  silicates  being  in  the  form  of  a  feldspar  mud, 
charged  in  places  with  fine  quartz  sand,  the  rest  of  the  lime 
and  magnesia  being  carried  off  as  carbonates  in  solution  by 
carbonic  acid  waters,  potash  and  soda  being  entirely  absent 
and  i)hosphorus  in  no  case  reaching  three  hundredths  of 
one  per  cent. 

Sulphur  is  an  important,  constant,  but  very  variable  con- 
stituent, although  so  generally  distributed  through  the 
mass  that  the  average  amount  of  it  per  ton  must  be  very 
nearly  the  same  for  all  parts  of  the  ore  mass,  (except  the 
original  surface  of  the  hills  exposed  to  the  long  leaching 
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action  of  the  atniospheric  waters,)  as  an  unusually  exten- 
sive practice  has  practically  demonstmted. 

The  following  additional  analyses  of  car-load  samples, 
made  by  Mr.  Valentine,  chemist,  and  furnished  by  the  Cole- 
brook  furnace  company,  are  arranged  in  the  same  order  of 
metallic  iron : 

(i.)        («.)  (S,)  (4.)  (5.)  (5.)        (7.)        (8.)  (P.)  (10,) 

IroQ,     .   .    57.68  66.16  54.83  52.80  49.01  48.21    45.43    42.86  39.64  36.81 

Silioa,  .   .    17.26  14.59  18.67  13.09  17.83  20.68    23.36    23.15  31.45  28.61 

Sulphur,       0.11    2.61  0.04      2.03  0.37  0.26      0.03      0.21  1.49  2.58 

Copper,    .     1.49  1.18  [•2.58]    0.88      0.77  1.17  1.76 

Phosphorns, 0.48  traoe      trace    0.06  traoe 

Nob.  4,  5,  7,  9,  10  were  made  in  December,  1883.— No.  6,  from  15  car  loads  in 
April,  1884.'No8.  1,  3,  8,  raw  surface  ore  from  G.  &  L.  R.  R.  at  entrance  to 
ore  bill,  August,  1884.— No.  2,  November,  1884. 

The  Cornwall  Ore  Bank  Company  are  at  present  mining 
three  grades  of  ore ;  the  best  grade,  called  No.  1  fine  sur- 
face ore,  yielding  from  50  to  55  per  cent,  iron,  being  only 
used  to  a  limited  extent  as  a  mixture  for  fixing  puddling 
furnaces  and  for  small  mixtures.  The  ''run  of  mine"  No. 
2,  mostlj^  a  fine  or  small  lump  ore,  carries  from  42  to  50  per 
cent,  of  iron,  and  from  2.5  to  3  per  cent,  of  sulphur.  The 
largest  part  of  the  output,  No.  3,  "select  ore,"  mostly  lump 
ore,  carries  about  48  per  cent,  iron,  and  the  same  amount 
of  sulphur  as  the  ''run  of  mine"  ore. 

No.  1  is  not  roasted,  but  it  is  but  a  small  part  of  the  gen- 
eral output.  All  No.  2  and  No.  3  ores  are  roasted.  The 
following  analyses  of  roasted  Cornwall  ore,  made  in  April, 
1880,  were  furnished  by  Arthur  Brock,  Esq.,  of  the  North 
Lebanon  furnaces  ;  and  they  are  arranged  in  the  same  order 
of  their  iron  percentage  as  the  preceding. 

(i.)  (f.)  (*.)  (^.)  (5.)  (5.)  (7.) 

Iron, 57.85  56.78  55.90  55.43  55.35  54.32  52.76 

Silica, 9.50  10.70  11.85  11.63  11.00  11.30  10.70 

Alumina, 3.65  4.50  3.80  3.24  4.21  3.70  4.83 

Lime,         2.12  2.40  2.30  2.06  2.32  2.73  2.86 

Magnesia,     ....    3.76  4.13  3.52  3.47  4.00  4.3L  4.85 

Sulphur.t 45  .40  [  .97]  [  .42]  .50  [  .86]  [  .73] 

Copper, 37  .31  .29  .30  .53  .30  .3i 

♦Oxide  of  copper. 

t  Those  in  brackets  []  are  sulphuric  aold. 
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If  the  silicate  bases  be  taken  together,  we  have : 

Alumina, ^ 

Lime i  9.53    11.08    9.62    8.77    10.53    10.74    12.54 

Magnesia,     .  .  .  .  ) 

The  gi'eatest  practical  difficulty  in  working  the  Cornwall 
ores  seems  to  result  from  the  varying  quantity  of  silica. 

An  inspection  of  analyses  already  presented  will  show 
this  fact.  Sulphur,  of  course,  is  hurtful,  but  the  greater 
portion  goes  oflp  in  roasting. 

The  presence  of  copper  is  likewise  objectionable  in  this 
ore,  as  in  smelting,  it  alloys  the  iron  with  from  0.75  to  1.25 
per  cent. 

Several  manufacturers  in  different  parts  of  the  State,  who 
are  consumers  of  Cornwall  ore,  have  kindly  given  me  the 
practical  results  of  their  experience. 

The  Pottsville  Iron  and  Steel  Company  use  about  i  to  i 
of  roasted  ore  in  their  furnaces,  for  mixture  with  cold- 
short and  neutral  ores,  and  with  the  effect  of  producing 
thereby  stronger  iron. 

Their  analyses  of  '*run  of  mines"  shipments  show  from 
41.77  per  cent,  to  49.29  per  cent,  of  iron. 

Beaver^  Marsh  &  Co.^  Union  Furnace,  Union  county.  Pa., 
who  have  been  consumers  for  30  years,  endorse  its  value  for 
mixture  with  the  Clinton  fossil  ores,  which  are  generally 
all  ''cold  short,"  and  to  the  improvement  ot  their  forge 
iron.  Their  experience  of  *'run  of  mines"  ore  lately,  re- 
quires 2^  tons  of  ore  per  ton  of  iron,  or  a  yield  of  40  per 
cent,  in  furnace  working. 

The  CJiickies  Iron  Co.^  Chickies,  Pa.,  have  used  }  Corn- 
wall ore  in  their  mixture  for  some  years,  the  other  f  being 
hematite  and  specular. 

They  do  not  roast  their  ore,  using  '*No.  1"  surface  ore, 
which  carries  a  much  smaller  percentage  of  sulphur,  as 
already  mentioned.  Foundry  and  mill  irons  made  from 
this  mixture  rank  high. 

The  Chestnut  Hill  Iron  Co.  are  also  large  consumers. 
The  following  extracts  from  a  letter  of  the  superintendent, 
Mr.  Jerome  L.  Boyer's,  letter,  will  prove  of  interest : 

*****    During  my  experience  at  Temple,  Birdsboro', 
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Columbia,  and  other  furnaces,  during  the  last  15  years, 
have  found  the  ores  from  Cornwall,  Lebanon  county,  very 
well  adapted  as  a  neutralizer  for  most  hematite  ores  of  the 
East  Penn,  Schuylkill,  and  Susquehanna  regions,  when 
roasted  to  1  per  cent  or  less  in  sulphur. 

In  using  25  per  cent,  of  it  in  the  ore  burden,  where  sul- 
phur runs  over  1  per  cent.,  and  where  copper  reaches  .90 
per  cent,  (metallic,)  the  resultant  foundry  pig  is  generally 
lighter  in  color  and  closer  grained,  the  fluidity  and  strength 
not  being  affected. 

The  magnesia  in  the  ore,  which  reaches  sometimes  2.50, 
and  even  3.00  per  cent.,  makes  good  company  for  most  of 
the  dry  limonites,\vorking  a  hot  cinder,  and  cleaning,  with- 
out scouring,  the  crucible  and  fore-hearth. 

Tlie  meeting  point  being  considerably  lesser  than  ordi- 
nary hematites,  it  is  best  adapted  for  use  with  hematites 
after  roasting,  and,  for  mill  iron,  will  make  least  trouble  in 
furnaces  if  driven  fast.  The  average  analysis  of  many  I  have 
had  made  would  show  : '' 

Magnetic  oxide  of  iron, 6?.  190^ 

Oxide  of  oopper, 1.48 

Magnesia, 2.69 

Lime, 1.11 

Pboaphorio  aoid, 0.013 

Sulphuric  acid, 0.234 

Silicic  acid, 20.00  to  26.00 

Cornwall  ore  gained  high  repute  in  the  manufacture  of 
iron  nails,  imparting  at  once  a  stiffness  and  toughness  to 
the  nail  much  sought  after. 

Additional  light  is  cast  upon  the  chemical  constitution  of 
the  Cornwall  ore  by  comparing  its  analyses  with  the  follow- 
ing analyses  of  similar  magnetic  ores  from  the  Boyertown, 
Reading,  and  Wheatfield  mines  in  Berks  county,  and  the 
Dillsburg  mines  of  York  county,  all  similarly  situated  near 
the  edge  of  the  Mesozoic  country  ;  all  but  the  last  con- 
nected geologically  with  the  underlying  older  rocks.  These 
analyses  are  also  arranged  in  the  order  of  their  metallic  iron 
percentages,  (to  the  nearest  second  decimal,)  thus  : 
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(i.)  (f.)  C^.)  (4.)  (S.)  (6.) 

Iron,     ...       .43.40  43.00  42.75  39.60  88.05  84.56 

Silica, 11.13  14.02  22.10  20.20  16.18  21.21 

A.  -f  L.  +  Mag.,  18  90  13. 86  11. 45  19 .  18  19. 77  22. 88 

Copper, 01  .59  .12  .56  .17 

Manganese,    .  .     .01         .28  .42  .21 

Salphur,     ...     .43  .53            .50  1.94  1.14  1.64 

Phosphorus,  .  .     .09  .02           .01  .06  -04  .03 

(1.)  Black  ore,  163  pieces,  from  Warwick  mine,  Boyertown,  Berks  ooanty. 
A.  S.  MoGreath. 

(2.)  Magnetic  ore  from  Island  mine,  Reading,  slope  No.  1.  Leonard  Peckitt, 
Reading. 

(3.)  Dillsburg  ore  from  A.  Underwood's  mine.    A.  S.  MoCreath. 

(4.)  Magnetic  ore  from  Wbeatfleld  mine,  Berks  county. 

(5.)  Magnetic  ore,  25  pounds,  from  Island  mine,  Reading.  A.  S.  McCreath* 

(6.)  "Blue  ore,"  20  pounds,  from  Phoenix  mines,  Boyertown.  A.  S.  Mo- 
Greath. 

The  fall  analyses  of  Nos.  1,  2,  3,  4,  and  6  of  the  above 
samples  are  as  follows  : 

(i.)         (f.)        (^.)         u.)  (5.) 

Bisulphide,       ^                    r  .806  .87          1.052  8.58  2.807 

Protoxide,      .  i      iron.      )  18.000  17.90  13.930  15.42  14.657 

Sesquloxide,     )                   (  41.463  4L32  45.640  87.05  81.200 

Protoxi  e  of  manganese,    .  .018  .67           .652  .80  .269 

Oxide  of  cobalt, .010         .080 

Sulphide  of  copper,  ....  .012  .99         [.048*]  .15  .251 

Alumina, 2.407  2.00         1.824  5.90  4.825 

Lime, 12.980  9.41         5.322  1.90  10.090 

Magnesia, 3.810  '2.45         4.308  11.38  7.963 

Sulphuric  acid, none.  noqe.         — ^  .150 

Phosphoric  acid, .203  .04           .024  .15  .078 

Gar  bonic  acid, 6.930  10.10           2.50  .815 

Water, 1.285  .85         5.000  1.25  1.500 

Alkalies  and  undet,  .  ...  .946         4.655 

Silica, 11.180  14.02  22.100  20.20  2L210 

100:000      100.12        99.900         99.78       100.000 


If  the  Cornwall  deposit  shows  any  distinctive  character- 
istic when  compared  with  the  others,  it  is  in  its  larger  per- 
centage of  sulphur,  while  it  shares  with  the  Wheatfield 
mines  a  prominence  in  its  copper  constituent. 

Associated  always  with  a  greenish  slate,  suggesting  the 
presence  of  chlorite,  though  mainly  made  up  of  the  silicates 
of  lime  and  magnesia,  the  color  of  the  ore  is  not  the  intense 

•Oxide  of  copper. 


638  GEOLOGICAL  SURVEY  OF  penx'a,  1885.  [Leslet/  & 

black  of  the  azoic  magnetites,  and  hardly  intimates  its  rich- 
ness. 

The  hornblendes,  angites,  micas,  steatites,  serpentines, 
and  pyroxine,  are  but  a  few  of  the  accompanying  mineral 
forms  which  accompany  this  ore,  and  have  rendered  this 
locality  attractive  in  the  past  to  the  mineralogist.  A  fairly 
complete  list  of  the  Cornwall  minerals  may  be  properly  in- 
serted here,  but  the  mines,  as  the  work  progresses,  seem  to 
produce  less  wealth  of  this  sort.  For  the  prepai'ation  of 
this  list,  which  will  be  given  later,  I  am  mainly  indebted  to 
Dr.  P.  A.  Gen  til's  Report  B  on  the  Mineralogy  of  the  State. 

The  following  analyses  were  communicated  to  me  (Feb. 
1,  1886,)  by  Mr.  McCreath  ;  (a)  being  a  greenish-white  min- 
eral^ free  frovi  iron  ore^  found  in  the  Cornwall  ore,  notably 
in  the  "white  ore;"  (&)  being  a  similar  greenish  mineral 
associated  with  the  Dillsburg  ore  of  York  county ;  (c)  being 
limestone  found  in  the  Underwood  mine  at  Dillsburg,  not 
only  as  nodules  in  the  ore  itself,  but  as  a  foot-wall  to  the 
workings. 

ComwalU  Dillsburg, 


-\ 


(a)  (6)  (c) 

Silica, 62.11  19.19  14.70 

Protoxide  of  iron, 10.74  6.78  1.82 

Alamina. !  .   .     1.90  6.57  2.99 

Lime,       12.64  180  43  22.65  J  44.90 

Magnesia,  17.89  H  13.62  J**"^'    3.57 

Loss  on  ignition, 2.03  1.80  81.46 


97.21  98.01  98.94 


Mr.  McCreath  remarks  that  "in  the  limestone  (c)  calcu- 
lating  all  the  lime  and  magnesia  to  carbonates,  it  would  re- 
quire 39.20  per  cent,  of  carbonic  acid  to  saturate  them. 
The  total  loss  on  ignition  is  only  31.46 ;  and  assuming  that  * 
all  of  this  is  carbonic  acid,  (with  no  combined  water,)  there 
is  a  marked  deficiency  of  carbonic  acid,  showing  that  some 
of  the  lime  or  magnesia  must  exist  as  silicate.  Why  may 
not  the  greenish-white  mineral  be  the  residue  of  beds,  or 
lenticular  masses,  of  such  limestone  formerly  existing  in 
these  ores  V ' 

This  is  precisely  the  theory  of  the  genesis  of  the  ores 
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which  is  given  in  this  report.  These  beds,  for  some  reason, 
have  resisted  solution  and  remained  in  the  mass,  wliich  was 
wholly  constituted  of  such  beds  with  a  difference  of  consti- 
tution such  as  made  them  yield  to  solution  and  be  replaced 
bv  ore. 

Mr.  McCreath  subsequently  made  a  determination  of  the 
carbonic  acid  in  the  limestone  {c)  and  found  it  to  be  30.51 
per  cent.;  this  would  take  up  38.83  per  cent,  of  lime  ;  or  it 
it  would  take  up  27.74  per  cent,  of  magnesia.  Now,  the 
total  lime  in  the  limestone  is  44.90,  of  which  the  carbonic 
acid  would  take  up  38.83  and  leave  6.07  held  as  a  silicate, 
(if  a  simple  silicate,  with  6.50  silica.)  Supposing  none  of 
the  magnesia  (3.57)  to  be  carbonate,  it  would  take  5.35  silica. 
The  2.99  alumina  would  neutralize  3.49  silica.  Total  silica 
in  such  supposed  silicates,  15.34.  Actual  silica  got  by  an- 
alj'sis,  14.7.  The  difference  must  be  due  to  some  of  the 
magnesia  being  in  the  condition  of  carbonate. 

It  may  safely  be  said  that  the  Cornwall  ore  mass  has  ex- 
perienced three  stages  of  development;  being  originally  a 
formation  of  lime  shales ;  then  becoming  a  great  brown 
hematite  ore  formation  ;  and  finally  a  magnetic  ore  forma- 
tion ;  always  retaining  its  place  and  general  stratification, 
but  becoming  consolidated  by  tl^e  loss  of  most  of  its  lime 
and  magnesia,  all  its  water  of  crystallization,  and  part  of 
its  oxygen  element,  and  greatly  reduced  in  bulk,  without 
the  loss  of  its  original  grains  of  sand,  (such  as  are  very  visi- 
ble in  the  brown  hematite  ores,)  and  with  a  concentration 
of  its  percentage  of  iron. 

What  that  original  percentage  of  iron  was  is  open  to  con- 
jecture. In  some  of  our  brown  hematite  mines  the  beds 
change  to  carbonate  of  iron  going  down  below  drainage 
level.  In  others,  cores  of  sulphuret  of  iron  are  found  left 
unchanged  in  the  ore  mass.  The  point  of  practical  import- 
ance is  that  the  Cornwall  ore  mass  was  part  of  the  sedi- 
mentary formations  of  the  Lebanon  limestone  valley,  and 
was  not  brought  in  as  a  foreign  body  from  a  distance,  nor 
ejected  as  an  igneous  outburst  from  the  interior  of  the 
globe. 

It  is,  however,  difficult  to  ascribe  the  production  of  the 
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Cornwall  magnetic  ore  mass  to  the  dissolving  action  on 
lime  shales  of  the  common  cool  mnning  water  of  the  coon- 
try,  which  is  all  we  require  for  an  explanation  of  the  brown 
hematite  ore  masses  of  the  valley ;  which  also  are  not  in 
the  neighborhood  of  trap  dykes  ;  nor,  except  in  a  few  casej^', 
near  profound  faults  in  the  earth's  crust ;  nor,  in  these  few 
cases,  connected  with  the  fault. 

But  at  Cornwall,  at  Boyertown,  at  Dillsburg,  and  else- 
where, the  magnetic  ore  masses  are  close  to  trap  dykes,  and 
in  the  general  range  of  the  edge  of  the  Mesozoic  country. 
It  would  be  quite  reasonable,  therefore,  to  insist  on  the 
agency  of  heat — either  dry  heat  from  the  lava,  or  the  heat 
of  boiling  mineral  springs,  or  the  heat  of  gaseous  exhala- 
tions— for  carrying  the  ore  mass  to  its  third  or  magnetic 
stage  of  development. 

Along  the  north  border  of  the  Mesozoic  red  shale  and 
sandstone  country  lies  an  area  of  lime  slates  about  4  miles 
long,  about  f  of  a  mile  wide  at  Cornwall,  and  tapering  to 
a  point  eastward  and  westward.*  These  will  be  spoken  of 
in  this  report  as  the  Cornwall  slates.  They  hold  injportant 
relations  to  the  Cornwall  ore  mass.  Their  age  and  order  in 
the  Palaeozoic  svstem  have  been  much  debated,  and  it  can- 
not  be  said  even  now  to  be  determined  with  absolute  cer- 
tainty whether  they  underlie  or  overlie  the  Lebanon  Valley 
limestone  formation ;  but  the  balance  of  probabilities  in 
favor  of  the  view  that  they  overlie  it  has  been  increasing 
during  the  progress  of  the  State  Survey,  and  now  seems  to 
me  to  be  very  great.  The  cross  section  from  Lebanon  to 
Cornwall  (on  page  526)  has  been  constructed  independently 
of  any  theory,  and  seems  to  place  the  fact  almost  beyond 
doubt. 

Prof.  II.  D.  Rogers  identified  these  Cornwall  slates  with 
his  Upper  Primal  slate^  belonging  to  formation  No.  I, 
overlying  the  Potsdam  (Primal)  sandstone,  and  underlying 
the  Calciferous  limestone  along  the  southern  edge  of  the 
Great  Valley  all  the  way  from  New  Jersey  to  Maryland. 
He  accounted  for  their  apparently  overlying  the  limestone 
by  supposing  both  formations  to  be  thrown  over  towards 

*See  plate  on  page  492. 
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the  north,  so  as  to  bring  the  bottom  beds  on  top.  It  cannot 
be  denied  that  he  had  good  reasons  for  such  a  construction 
in  the  more  complicated  parts  of  the  valley ;  but  here  in 
Lebanon  county,  the  limestone  formation  is  unusually  free 
from  close  plications  ;  the  dips  are  very  gentle  over  consid- 
erable areas,  as  may  be  seen  along  the  railroad  from  Leb- 
anon to  Womelsdorf,  and,  although  they  are  almost  all 
southward,  away  from  the  slates  of  No.  Ill,  yet  they  prob- 
ably continue  so  in  Lancaster  county  under  the  Mesozoic 
belt.  The  one  or  two  rolls  in  the  limestone  cuts  of  the  Leb- 
anon-Cornwall railroads  do  not  look  like  great  anticlinal 
arches,  and  there  is  no  appearance  of  overturned  dips.  Con- 
sequently the  Cornwall  slates  may  be  reasonably  looked 
upon  as  lying  in  their  original  position,  overlying  the  lime- 
stones, and  dipping  gently  southward.* 

If  this  be  so  it  follows  that  the  Cornwall  slates  are  the 
same  which  run  through  the  middle  of  the  Great  Valley 
north  of  Lebanon  and  Harrisburg,  and  are  exposed  in  all 
the  bends  of  the  Conodoguinet  creek  in  Cumberland  county, 
where  they  make  a  transition  formation  between  No.  II  and 
No.  Ill,  consisting  of  many  hundred  feet  of  lime-shales  and 
thin  limestcmes. 

At  Cornwall  these  lime-shales  are  much  altered  either  by 
pressure  or  by  heat,  but  they  can  only  be  seen  in  the  cut  at 
Cornwall,  and  in  small  exposures  along  Mill  ridge,  and  this 
is  at  a  distance  of  nearly  half  a  mile  north  from  the  tmp 
in  the  hill  bounding  the  ore-mass ;  so  that  nothing  can  be 
said  about  the  rocks  in  the  bed  of  the  little  intermediate 
valley  ;  and  therefore  nothing  is  certainly  known  about  the 
connection  of  the  Cornwall  slates  north  of  the  trap  with  the 
ore  mass  south  of  it. 

It  is  important  to  observe  that  the  Cornwall  slates  in  the 
railroad  cut  near  the  station  are  hard  enough  to  make  a 
persistent  ridge.  Mill  hill,  about  70  feet  high,  which  runs 
parallel  with^the  trap  ridge,  at  a  distance  of  about  2000 
feet,  measuring  from  crest  to  crest  of  the  two  ridges. 

This  fact  seems  to  intimate  that  the  little  valley  between 

*The  fault  in  the  out  at  GomwaU  wiU  be  aUuded  to  hereafter.  It  seems  a 
small  one  and  is  not  important. 
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Mill  hill  and  the  trap  ridge  is  occupied  by  limestone;  but 
no  exposures  could  be  found,  and  no  information  could  be 
obtained  from  the  owners  of  wells  to  decide  the  question, 
which  is  a  very  important  one.  For,  if  the  little  valley  be 
limestone,  then  Mill  hill  must  either  be  a  synclinal  ridge  of 
slate,  or  the  slate  must  be  cut  off  by  a  fault  running  along 
the  south  base  of  Mill  hill ;  or  thirdly,  the  Mill  hill  (Corn- 
wall) slate  is  merely  a  slate  forma ticm  in  the  body  of  the 
limestone  formation.  No.  II,  descending  southward. 

The  first  of  these  alternatives  seems  to  be  the  more  prob- 
able, first,  in  view  of  what  can  be  seen  in  the  railroad  cut, 
and  secondly,  in  view  of  the  fact  that  Mill  hill,  being  only 
3  to  4  miles  long,  would  naturally  have  an  east  and  west 
end  by  erosion  if  lying  in  a  little  basin  of  limestone. 

The  crumpling  of  the  slates  in  the  cut  is  easily  explained 
on  the  supposition  of  a  synclinal  fold,  and  the  fault,  which 
is  so  beautifully  shown  in  the  south-west  wall  of  the  cut, 
is  merely  one  of  the  crumples  broken,  as  is  plainly  proved 
by  the  insignificance  of  the  disturbance  in  the  north-east 
wall. 

Immediately  north  of  the  cut,  at  Cornwall  station,  the 
valley  limestones  are  exposed,  with  the  same  30°  to  40°  S. 
W.  dip  which  the  overlying  slates  at  the  north  end  of  the 
cut  exhibit. 

In  the  middle  of  the  cut  the  slates  turn  up  vertical  against 
the  under  side  of  the  little  fault,  which  slopes  about  55°  to- 
wards the  south-west.  Then  the  slates  resume  their  south- 
west dip  (with  very  gentle  waves)  of  only  10°  or  20°. 

On  the  north  side  of  the  cut  the  little  synclinal  is  more 
crushed,  and  the  fault  is  represented  by  a  crushed  anti- 
clinal wave. 

The  slates  are  very  rough  in  appearance,  brown  in  color, 
and  with  streaks  of  quartz.  The  cleavage  planes  are  ob- 
scure, one  set  seeming  to  be  steep  to  the  north-east. 

About  half  a  mile  south  of  the  Cornwall  "Anthracite 
furnace,"  and  east  along  the  Mill  hill  ridge,  these  slates 
crop  out  along  the  public  road,  in  exposures  4  to  6  feet 
wide,  in  25  feet  of  measures,  and  appear  to  dip  about  N.  18° 
W.  5G°,  though  this  may  be  cleavage.     Where  the  slates. 
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show  on  the  Cornwall  and  Lebanon  pike,  where  the  ridge 
is  cut  through  by  Furnace  creek,  the  dip  seems  to  be  N.  12^ 
W.  eo^'-SO^,  though  wavy  and  broken.  Both  these  locali- 
ties are  about  in  the  central  line  of  the  ridge.  South  of 
Eby's  Corners  (Bismarck)  at  the  junction  of  the  slates  and 
limestones,  gray  slates  dip  S.  10°  W.  36°,  and  near  the 
western  limit  of  this  main  deposit,  on  the  Bachman  farm, 
slates  in  an  old  shaft  are  nearly  flat,  possibly  5°  north. 

A  very  important  exposnre  of  these  Cornwall  slates  oc- 
curs in  South  Annville  township,  about  six  miles  west  of 
Cornwall,  in  the  form  of  a  prominent  little  ridge  on  the 
Long  farm,  about  f  miles  south  of  the  Horse  Shoe  turn- 
pike, at  Mt.  Pleasant.  This  outlying  area  of  slate  is  sep- 
arated, geographically,  from  the  main  body  around  Cornwall 
by  an  overlapping  projection  of  the  New  Red  sandstone  for 
a  distance  of  3  miles,  covering  the  slates. 

Here  the  slates,  with  the  identical  characteristics  of  those 
at  Cornwall,  dip  50°-60°  to  the  south-west ;  and  the  iden- 
tity of  the  formation  is  confirmed  by  the  fact  that  a  bed  of 
Cornwall  magnetic  ore  occurs  in  these  slates  (not  over  8' 
thick)  and  has  been  worked  on  its  outcrop,  and  by  a  shaft 
25'  deep  in  the  Carpei'  mine.  The  ore  apparently  occurs 
entirely  within  the  slate  mass  and  the  mine  has  furnished 
some  1500  tons. 

In  the  valley,  200  yards  north  of  the  Carper  mine,  several 
shafts  were  put  down  through  slate  soil,  but  in  every  case 
south-west  dipping  limestone  was  found  within  15'  of  the 
surface,  cropping  just  north  along  the  course  of  Kittring- 
er's  creek.  If  these  dips  represent  the  true  dip  and  strike 
of  the  limestone,  they  furnish  additional  evidence  of  the 
superposition  of  the  Cornwall  slates  to  the  valley  lime- 
stones. 

Returning  to  the  vicinity  of  Cornwall,  the  country  im- 
mediately south  of  this  Mill  hill  slate  ridge,  shows  a  broad 
flat  from  200  to  300  yards  wide,  watered  by  branches  of  Fur- 
nace creek,  to  the  base  of  the  ore  hills.  The  soil  of  this 
flat  is  slate,  profusely  mixed  with  loose  pieces  of  ''nigger 
head"  ore,  which  have  probably  been  derived  from  the  hills 
to  the  south. 
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Between  Cornwall  station  and  Lebanon,  the  exposures  of 
limestones  are  frequent  in  the  low  cuts  of  the  railroads, 
and  all  show  south  dips,  except  just  south  of  North  Corn- 
wall station*  where  a  slight  crimple  is  exhibited,  and  an- 
other at  North  Cornwall  station,  where  a  decided  and  sym- 
metrical low  anticlinal  arch  is  visible.  From  this  arch  all  the 
way  to  Lebanon  city,  and  beyond  the  city  to  the  edge  of 
the  No.  Ill  slate  country,  every  exposure  of  limestone 
shows  a  nearly  level  or  a  south  dip.  Those  near,  or  iirst 
north  of  the  arch,  are  nearly  horizontal ;  then  for  several 
miles  6°,  10°,  and  20°,  and  getting  up  to  50°  and  60°  as  the 
city  quarries  are  approached ;  and  those  between  the  city 
and  the  slate  hills  very  steep.  In  spite  of  numerous  con- 
cealed intervals,  the  conclusion  .arrived  at  from  a  general 
view  of  the  whole  range  of  exposures  across  the  limestone 
plain  on  this  transverse  line  can  hardly  be  other  than  this, 
viz :  that  the  gentle  wave  at  North  Cornwall  station  is  of 
subordinate  importance,  merely  interrupting  for  a  moment 
the  general  descent  of  the  whole  formation  from  Lebanon 
southward  towards  Cornwall ;  and,  secondly,  that  a  great 
overturned  anticlinal  runs  along  the  valley  past  Lebanon, 
so  that  all  the  steep  south  dips,  there  and  to  the  north  of  it, 
are  really  carrying  the  limestones  down  beneath  the  slate 
formation  No.  Ill  in  the  hills  to  the  north. 

It  is  impossible  to  locate  the  upper  and  lower  parts  of  the 
limestone  formation  except  on  general  principles  established 
by  the  study  of  it  in  other  parts  of  the  State,  because  of  the 
absence  of  fossils  ;  those  reported  from  the  Lebanon  City 
quarries  are  concretions  and  not  true  fossils.  Nor  do  we  get 
assistance  from  chemical  analvsis ;  because  the  elaborate  in- 
vestigation  of  the  quarry  beds  opposite  Harrisburg,  made 
by  the  Survey  in  1877-78,  (see  Report  MM,  1879,)  showing 
the  remarkable  alterations  of  pure  limestones  with  magne- 
aian  limestones,  was  necessarily  limited  to  115  beds,  with  an 
aggregate  thickness  of  371  feet,  which  is  only  a  fifth  or 
sixth  part  of  the  whole  formation. 

The  Trenton  (uppermost)  beds  are  usually  free  from  mag- 
nesia and  very  fossiliferous  in  some  parts  of  the  Great  Val- 
ley ;  but  they  have  not  been  distinctly  recognized  at  Leba- 
35 
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non,  although  they  ought  to  outcrop  along  the  edge  of  the 
slate  hills.  But  we  are  not  yet  certain  that  the  lowest  beds 
of  slate  No.  Ill,  are  here  conformable  with  the  upper  beds 
of  limestone,  No.  II ;  and  it  is  possible  that  the  slates  over- 
lap them.  The  dips  north  of  Lebanon  being  overturned, 
the  slates  No.  Ill  seem  to  go  down  beneath  the  limestones 
No.  II ;  but  all  that  we  know  of  the  two  formations  in  other 
parts  of  the  Great  Valley  makes  it  impossible  that  the  slates 
No.  Ill  should  be  older  and  lower  than  the  limestones,  No. 
II;  therefore,  the  beds  of  both  formations  must  be  over- 
turned so  as  to  dip  south  instead  of  north. 

Minerals  found  at  the  Cornwall  mines, 

1.  Iron  Pyrite^  in  very  pomplicated  and  distorted  forms. 
A  cohaltiferous  variety  yielded  2  per  cent,  cobalt  (J.  M, 
Blake.)  A  cupriferous  variety  is  also  found ;  tarnishes 
readily  and  assumes  a  steel-blue  color,  containing  (J.  C. 
Booth) : 

Salphor, =  53.87^ 

Iron, =  44.47 

Copper, =    2.89 

2.  Chalcopyrite  (Cug  S  -F  Feg  Sj).     Frequently  found. 

3.  Covelite  (Cug  S.^  Commercially  mined  and  carrying 
about  15  per  cent,  copper. 

4.  Cuprite  {Cm  2  O.)  Suboxide  of  copper,  helping  to  en- 
rich the  poorer  copper  ores.  Occurs  on  magnetite,  in  crys- 
talline, finely  granulated  masses,  and  beautiful  octahedral 
crystals,  sometimes  showing  cubical  and  dodecahedral 
faces,  and  in  fine  crimson-red  capillary  crystals  {chalcotri- 
c/iite.)  Also  in  thin  coatings  upon  native  copper,  giving 
the  latter  a  dull,  somewhat  purplish,  appearance. 

5.  Foliated  micaceous  hematite.  Red  hematite  has  been 
considerably  mined  in  Grassy  hill. 

6.  A  peculiar  variety  of  magnetite  in  foliated  masses, 
perhaps  pseudomorphs  after  hematite,  frequently  inter- 
laminated  with  pyrite.     (Report  B,  page  39.) 

7.  Hydrocuprite^  in  peculiar  orange-colored  coatings,  as- 
sociated with  cuprite  and  magnetite  from  Big  hill.  Amor- 
phous, orange-yellow  to  orange-red  ;  forms  very  thin  ; 
sometimes  rag-like  coatings  on  magnetite  ;  soft.  (B  46.) 
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8.  Wad.  A  soft  black  mineral  which  is  dull,  but  when  cut 
becomes  shiny  and  of  a  somewhat  waxy  luster,  and  is 
rarely  found  imbedded  in  chrysocalla  ;  contains  magnetic 
oxide,  cobaltous  oxide,  and  cupric  oxide  in  the  ratio  of  70 : 
40:  44.  It  may  be  a  cobaltous  crednerUe,  (B  54.) 
9.  Chalcedony,     A  pisolitic  variety.     (B  69.) 

10.  A  variety  of  "  pseudomorphous  quartz,"  in  flat 
rhombohedral  crystals,  but  also  in  hexagonal  prisms. 
(B  61.) 

11.  The  common  opal  (rarely)  in  small  masses  of  a  gray- 
ish, greenish,  and  yellowish-white  color,  and  vitreous  lus- 
ter, inclining  to  resinous.     (B  61.) 

12.  Byssolite.  A  variety  of  actinolite,  in  very  fine  globu- 
lar crystalline  nodules  radiating  from  a  center.     (B  68.) 

13.  Vesuvianite.  In  imperfect  crystalline  masses.    (B78.) 

14.  Clirysocalla.  In  various  shades  between  blue  and 
green,  sometimes  blackish-green  color,  and  also  as  pseudo- 
morphs  after  dolomite.     (B  105.) 

15.  AUopJtane,  In  very  fine  white  and  sky-blue  mammil- 
lary  and  stalactitic  masses  ;  a  hydrous  silicate  of  alumina. 
(B.  107.) 

16.  Serpentine,    Common  variety.    (B  115.) 

17.  Bieberite,  Rare,  a  hydrous  silicate  of  cobalt,  in 
minute  quantity,  as  a  flesh-colored  crystalline  incrustation 
upon  magnetite.     (B  149.) 

18.  Botryogen.  Exceedingly  rare  hydrous  ferroso-ferric 
sulphate,  in  microscopic,  globular,  crystalline  aggregations 
of  a  deep-red  color,  associated  with  covellite  and  pyrite 
upon  magnetite.     (B  150.) 

19.  Brochanite,  A  combination  of  sulphate  and  hydrate 
of  copper,  in  dark  emerald  and  blackish-green  acicular 
crystals  and  crusts  upon  magnetite.     (B  151.) 

20.  Calcite,  White;  also  in  globular  concretions  and  in- 
crustations ;  colored  pink  by  cobalt  upon  magnetite.  (B 
154.) 

21.  Malachite.    Fibrous  and  compact.     (B  167.) 

22.  Azurite.  In  very  fine  crystals,  sometimes  over  a 
quarter  of  an  inch  in  length,  and  groups  of  crystals  upon 
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crystalline  crusts ;  usually  of  dark,  but  sometimes  of  pale 
azure-blue  color,     (B  168.) 

23.  Pyroxene.  Variety,  Mussite;  in  minute  white  crys- 
tals ;  associated  with  magnetite.     (B  65.) 

24.  Oypsum  (rare).  In  beautiful  slender  crystals,  some- 
times two  inches  in  length  and  less  than  one-eighth  of  an 
inch  in  width.     (B  148.) 

25.  Rliodochrosite.  A  calciferous  variety  of  carbonate  of 
manganese,  occurring  in  globular  concretions  in  cobaltifer- 
ous  wad.    (B  161.) 

The  Copper  in  the  Cornwall  Ore. 

Copper. — The  intimate  association  of  copper,  native,  as 
sulphide,  oxide,  or  carbonate,  with  the  Cornwall  iron  ore 
deposit  is  remarked  in  several  places  in  this  report.  No 
analysis  of  the  ore  is  free  from  it. 

Commercially  considered,  however,  this  ingredient  has 
played  its  role  in  the  past,  the  amount  prepared  at  the 
mines  at  present  being  very  insignificant. 

It  is  roughly  estimated,  however,  that  up  to  date  about 
8000  tons  of  copper,  mostly  sulphurets,  have  been  pro- 
duced. 

Prom  January  1,  1859,  to  January  31,  1864,  the  state- 
ment of  R.  &  G.  D.  Coleman  shows  the  following  amount 
and  price  of  copper  ore  from  Cornwall : 


Year. 


1859, 
1860, 
1861, 
1862, 
186S, 


Tons. 
2240  lk>a. 


1062. 12 

53.11 

232.06 

396.11 

390.08 


2185.08 


2852  lbs. 

T. 

Lbs. 

Oil 

1673 

48 

207 

185 

902 

351 

1717 

342 

1396 

1839 

1245 

Total  amount 
of  sales. 


130,954  31 

1,590  14 

6,617  17 

13,711  27 

13,237  72 


$66,010  61 


Net  amount 
reoeived. 


$26,543  98 


Percentage  of  coi>per  varies  from  4.35  to  13.20. 

The  copper  ore  was  mined  under  an  agreement  with  Ben- 
jamin Blewitt  and  C.  M.  Wheatly,  the  former  taking  out 
911  tons,  1673  lbs. 
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During  the  same  period,  R.  W.  &  W.  Coleman  sold  the 
following  amounts,  which  shows  also  charges,  price,  per- 
centage, etc. 


DATS. 


o 

a 

o 
o 


9    . 

II 
It 

» 


0 

o 
u 

9 

a 

s 

u 

&4 


0 

0 
O 


rHABOXS. 

te 

j. 

is 

^9 

00 

».*^ 

s 

A 

1858. 
April  18,    .  . 
May  25,    .  .  . 
July  6,  .... 
August  11. 
October  11. 
November  IS, 

1860. 
February  24,    . 
May  15. 
September  20, 

1881. 
March  23, 
July  23,       .  .  . 
October  1^     .  , 

1882. 
March  31,      .  . 
July  12. 
December  1, 

1888. 
March  31,       .  . 
December  7, 


a 
?^ 

oS 


s^ 


33 


Bergen 
Copper 
Co. 


Tont 
SO 
60 
84 
84 
84 
58 


28 
57 
68 


00 


;5 


87 
74 
57 


74 
61 
78 


62 

76 


CtDt, 

06 
12 
05 
12 
00 
14 


08 
00 
18 


C7 
00 
11 


Qrt. 

Lbs. 

2 

08 

1 

11 

8        21 

0  1      10 

0 

08' 

3 
3 


06 


02 
13 
14 


14 

2 

00 

1 

17 

1 

14 

1 

08 

0 

3        12 
2  •      00 

1 ;    10 


13 
02 
18 


1068 


08 


10 
00 

18 


Peret. 

18.00 
4.69 
8.05 
5.75 

15  12 
8.05 


12.85 
11.45 
11.40 


12  41 
12.45 
12  25 


11.25 
12.80 
11.00 


12  36 
9.76 


172  00 
10  22 
24  20 
20  34 
60  58 
28  40 


57  83 
40  24 
43  66 


43  44 

42  70 
49  00 


64  4SI 

51  71 
63  57 


71.01 
46  31i 


H277  38 

1.170  56 

1,555  89 

1  313  45 

3. 877  83 

y 

1  755  35 

1686  71 

|9,478  87 


'1 


2829  86 
2.566  33 


2,926  78 
3.185  06 
2  819  45 


3  991  56 
3.154  94  ^ 
3,954  97 


4  451  10 
3  682  96 


140,068  43 


8809  47 

1,735  84 

2,088  60 

8296  00 

2,825  51 
122,779  38 


From  this  table  we  get  a  very  fair  idea  of  what  the  ex- 
pense and  returns  for  this  class  Of  work  were  20  years  ago, 
as  well  as  the  character  of  the  ore  mined  and  quantity. 

Under  date  of  November  13,  1885,  Mr.  Boyd  informs  me 
that  from  1848  to  1885,  the  total  production  of  copper  ores 
has  been  about  8170  tons,  averaging  about  15  Y)ev  cent, 
metal.  Of  this  amount,  about  2000  tons  were  carbonates 
and  500  tons  oxide,  the  rest  being  classed  as  sulphides. 
Some  little  copper  occurs  as  silicate. 

T7ie  mining  of  Cornwall  ore. 

Until  within  recent  years,  the  mining  of  iron  ore  at  Corn- 
wall was  carried  on  under  the  present  system  of  quarrying 
stone  or  loose  rock.  Each  individual  shareholder  in  the 
ore  bank  raised  ore  from  his  own  "mine-hole,"  loading  at 
first  directly  on  to  wagons  that  were  driven  into  the  banks. 
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and  when  that  method  was  superseded  by  railroads  in 
1853,  tracks  were  laid,  upon  which  the  railroad  cars  were 
switched  to  the  various  parts  of  the  bank. 

This  systemless  method  of  mining,  which  precluded  the 
idea  of  fixing  the  responsibility  for  the  amount  of  ore  taken 
by  any  one  individual  party,  led  to  endless  trouble  and  liti- 
gation, besides  paving  the  way  for  expensive  mining  and 
interference  each  year  that  it  was  pursued. 

During  the  progress  of  the  famous  law-suit  for  damages 
in  the  middle  of  this  centurj^  brought  about  by  a  claim  on 
the  part  of  R.  W.  &  W.  Coleman,  owners  of  |^,  that  their 
co-tenants,  R.  &  G.  D.  Coleman,  owners  of  |J^,  had  mined 
and  carried  away  more  than  their  share  of  ore,  many  inter- 
esting facts  were  brought  out  in  the  testimony  of  the  var- 
ious witnesses  called,  as  to  the  method  and  cost  of  mining, 
character  of  ore,  etc.,  all  of  which  are  now  a  matter  of 
court  record. 

According  to  these  records,  Edw.  B.  and  Clement  Grubb, 
neutral  parties  to  the  suit,  and  owners  of  the  remaining  ^, 
deposed  in  1850  that  the  ore  banks  consisted  of  "three  con- 
tiguous hills,  forming  one  continuous  deposit  of  ore,  and 
containing  in  the  survey  thereof  108  acres*  or  thereabouts." 

It  was  during  this  x>eriod  that  the  ore  was  worked  by 
"mine  holes,"  and  "from  partitions  made  on  the  ground 
and  excavated  independently  of  each  other  and  without 
interference." 

The  court  undertook  to  establish  the  legal  rights  of  all 
parties  concerned,  and  appointed  a  master,  who  took  testi- 
I  mony  through  a  series  of  years,  finally  deciding  in  favor  of 

the  plaintiffs,  on  the  ground,  mainly:  that  by  the  agree- 
ment of  1787,  under  which  partition  was  made  of  other 
parts  of  the  real  estate,  it  was  stipulated  that  the  ore  banks 
and  mine  hills,  together  with  certain  other  ores  in  the  vi- 
cinity, should  remain  as  a  tenancy  in  common,  under 
which  it  was  held  that  all  the  parties  concerned  were  mu- 
tually obliged  to  account  to  each  other  according  to  the 
percentage  of  their  respective  shares  in  the  estate. 

*Thi8  presumably  refers  to  the  areas  within  the  so-Galled  ''Thos.  Clark 
survey." 
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This  worked  very  well  up  to  1848,  because  all  the  ore 
mined  had  been  used  in  the  furnaces  of  the  respective 
owners. 

But  from  1848  to  1853,  (the  period  in  dispute,)  large  quan- 
tities in  addition  had  been  sold  by  some  of  the  defendants, 
and  ''many  new  and  very  extensive  furnaces  had  been 
built  by  all  of  the  part  owners,  requiring  a  greatly  in- 
creased supply  of  ore,  consuming  more  annually  than  was 
used  by  any  furnace,  under  the  old  system,  in  many  years." 

The  account  was  ordered  to  be  rendered  from  April  1, 
1848,  according  to  the  actual  value  of  the  ore  used  or  sold, 
and  from  that  time  until  the  account  was  taken  numerous 
witnesses  were  examined  from  all  adjoining  parts  of  the 
country  in  the  endeavor  to  determine,  by  relative  valua- 
tion, the  amount  due  the  plaintiffs.  All  records  and  min- 
utes relating  to  mining  at  the  Cornwall  ore  banks  were  of- 
fered in  testimony  by  one  or  the  other  parties. 

A.  Wilhelm,  in  charge  of  R.  W.  &  W.  Coleman's  in- 
terests, among  other  facts,  testified  that  the  average  cost  of 
mining  between  the  years  1851-1859,  including  mining, 
powder,  master-miner's  salary,  and  loading  on  wagons  or 
cars,  was  1^-^^  cents  per  ton.  He  likewise  estimated  cost 
of  material  per  ton  of  iron  at  Union  Canal,  Lebanon,  at 
$9.37^,  not  including  limestone,  as  follows  : 

Ore,  2  tons,  2  cwt.,  @  |1.50  and  30  cents  freight, =  $3.78 

Coal,  2  tons,  @    2.70  .   .  .   .   =    5.40 

Limeetone,  13owt,@     .50  =     .19| 

19.871 

The  two  furnaces  at  Cornwall  were  then  making  from  80 
to  82  tons  each,  per  week. 

Charles  B.  Forney,  the  manager  of  the  G.  D.  Coleman 
Lebanon  furnaces,  testified  to  making  a  ton  of  iron  from 

2to\  ^^^^  ^^  o^®  ^^^  2-1 FJT  ^^^^  ^^  ^^^^-     I^  ^^  years,  from 
1845-1859,  the  average  ore  per  ton  of  iron  was  2.14  tons ; 

coal,  2.47  tons,  and  limestone,  1400  pounds.     Total  average 

cost  of  same,  $11.17. 

J.  Taylor   Boyd,  then  superintendent  of   R.   &   G.  D. 

Coleman's  interests,  now  general  superintendent  of    the 

Cornwall  Ore  Bank  Company,  stated  the  average  expense 
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of  mining  between  1853  and  1859  was  30.62  cents  per  ton, 
including  all  expenses  connected  with  mining,  superinten- 
dence, making  sales,  etc.,  but  exclusive  of  commissions. 
The  lowest  cost  per  ton  was  22  cents. 

During  1853-54  the  defendants  made  several  contracts  for 
the  supply  of  ore  through  a  period  of  years,  all  at  $1  per 
ton  on  cars,  with  a  minimum  ranging  from  2000  to  5000 
tons  yearly,  and  a  maximum  of  from  6000  to  40,000  tons, 
except  in  the  case  of  one  special  contract.  The  other  ten- 
ants received  about  $1.50  per  ton  for  their  ore. 

The  master  returned  his  report  to  the  court  September  27, 
1861,  and  upon  a  valuation  of  ore  at  from  85  cents  to  $1.13 
I>er  ton,  covering  the  period  from  April  1,  '48,  to  Decem- 
ber 31,  '58.  Exceptions  were  filed  to  the  master's  report, 
who,  upon  further  testimony,  again  submitted  his  results 
in  November,  1861,  with  but  little  better  success.  A  second 
time  it  was  referred  back  to  the  master  on  three  chief 
points  : 

1.  The  value  of  the  ore  from  1848  to  1854  as  between  the 
Messrs.  Coleman  and  Grubb. 

2.  The  difference  in  the  relative  quality  and  value  of  the 
ore  mined,  used,  and  sold  by  the  Messrs.  Coleman  from 
April  1,  '53,  to  January  1,  '59,  and 

3.  Tlie  difference  in  expense  of  mining  by  the  parties 
during  the  same  period. 

In  the  testimony  that  followed  we  learn  from  Mr.  Wil- 
helm  that  the  average  cost  of  mining  was  as  follows : 

April  1,  1859, -March,  31,  1860,  13.646  cents  per  ton  of 
2240  pounds. 

April  1,  1860, -March  31,  1861,  18.637  cents  per  ton  of 
2240  pounds. 

April  1,  1861, -September- 30, 1862,  18.637  cents  per  ton  of 
2240  pounds. 

Mr.  Wilhelm  credits  the  increase  of  the  cost  of  mining,  as 
compared  with  the  period  prior  to  1859,  as  being  due  to  ex- 
penditures incurred  in  laying  track  and  in  deeper  mining. 

J.  Taylor  Boyd,  on  behalf  of  the  defendants,  stated  the 
cost  of  mining  during  the  same  period  to  be  30.62  cents  i)er 
ton,  but  excluding  railroad  construction  and  other  outside 
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charges,  the  average  would  be  reduced  to  21  or  22  cents, 
which  throws  out  cost  of  hauling  and  litigation. 

Charles  B.  Forney  gave  interesting  testimony,  as  fol- 
lows : 

In  1852  ''  mining  proper"  began  at  Cornwall  and  the^r^^ 
sale  of  ore  was  made.  In  1847  it  cost  24  cents  per  ton  to 
mine  and  load  in  wagons  ;  in  1848,  15  cents  ;  1849,  14J 
cents  ;  1850,  18^  cents,  and  1851,  34f  cents. 

The  furnaces  in  1848,  within  a  radius  of  20  miles  of  Corn- 
wall, were :  1,  Cornwall ;  2,  Elizabeth  ;  3,  Colebrook  ;  4, 
Mt.  Hope  ;  5,  Swatara ;  6,  Old  Reading  (now  Robesonia, 
and  enjoying  the  ''perpetual  ore  privilege") ;  7,  Manada  ; 
all  of  which  were  charcoal  furnaces,  and  8,  the  pair  of  Leb- 
anon furnaces,  one  built,  the  other  building. 

Fifty  tons  a  week  was  considered  a  large  tonnage  at  that 
time,  and  about  1000-1200  tons  yearly  an  average  output. 

The  apparent  inequalities  of  cost  of  production,  etc., 
while  seemingly  contiicting,  are  really  more  due  to  the  dif- 
ferent methods  of  book-keeping,  and  the  different  opinions 
held  as  to  wiiat  really  were  "minfng  charges"  than  to  any 
essential  advantage  that  one  party  possessed  over  another. 

Extracts  from  two  tables  are  here  presented  which  re- 
flect sharply  the  condition  of  the  iron  industry  at  this  time  at 
Cornwall,  and  while  only  partly  germane,  seem  nevertheless, 
to  need  no  apology  for  their  introduction  on  account  of  their 
historical  interest ;  No.  1  compiled  by  C.  B.  Forney,  Esq., 
and  No.  2  by  J.  T.  Boyd,  Esq.,  both  during  the  trial. 
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Table  No.  1. 

Extract  from  statement  furnished  by  C.  B.  Forney  for  the 

years  J8i8-lSo8. 


YSAB. 


1848, 
1849, 
1850, 
1851, 
1852, 
1853, 
1854, 
1855, 
1866, 
1857, 
1858, 


d 


$1S  63 

14  14 

16  93 
19  32 
23  00 

15  60 

17  76 
30  61 

16  17 
22  33 
16  59 


$18  73 


o  b 


$19  46 

18  11 

15  76| 

16  46 
16  80 

26  27 

27  34 

19  41 

20  77 

21  48 
14  24 


$19  02 


9 

s 

a 
8 


I 


Ton$. 
7132.04 
6847.13 
4450.11 
4501.17 
2199.11 
6467.04 
7837.06 
1835.15 
7157.00 
4129. 10 
5066.00 


523S.10 


9 
O 


8 


$1  11 

1  51 

2  31 


1 
1 
1 
1 
1 
1 
1 
1 


86 

78 

82 
85 
41 
25 
30 


$1  63 


Table  No.  ^. 
Mining  at  Cornwall  ore  banks. 


YSAB. 


1852, 
1853, 
1854, 
1855, 
1856, 
1857, 
1858, 

1864, 
1865, 


"O  9 


8- 

9^6 

^«-£ 

S*  9^ 


Cents, 
70.81 
76.25 
79.66 
95.67 
102.78 
102.57 
99.07 

228.00 
215.08 


S'S 


17,134.08 
57,025.15 
6^,655.06 
33,607.09 
82,851.02 
73,406.03 
37,416.08 

165,405.00 
103,840.18 


%-l    • 

c 

O  fl 

9 

o 

s 

«  ^ 

5  9 

6 
55   . 

1 

raee 
Ining 

9  e 

>  > 

"3 

< 

Cents. 

< 

Q 

14.06 

15 

$0.69 

11.04 

30 

.69 

13.56 

35 

.77 

17.04 

25 

.77 

20.03 

50 

1.00 

21.02 

46 

1.00 

22.00 

26 

.90 

33.66 

90 

1.56 

38.76 

70 

1.51 

^  at 


s  c  o*  • 
®  c 


4 
6 

4A 

6A 
5A^ 


In  his  final  report,  the  master  valued  the  ores  mined  from 
April  1,  1853,  to  January  1,  1855,  at  75  cents  per  ton,  and 
from  January  1,  1855,  to  January  1,  1859,  at  $1  per  ton, 


J 
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both  less  the  cost  of  mining^  all  of  which  was  equivalent  to 
81yJ44^ir  cents  on  150,037  T.,  7i  cwt.,  from  which  it  can  be 
judged  how  cheaply  ore  was  mined  at  that  time.  The  court 
sustained  this  report,  and  awarded  damages  accordingly, 
the  Supreme  Court  affirming  the  decree  of  the  lower  court. 

From  all  this  litigation,  the  principals  themselves  must 
have  seen  the  wisdom  of  a  more  equable  and  common 
course,  not  only  as  a  matter  of  justice,  but  also  for  the 
common  benefit  of  all  parties,  and  in  the  interest  of  an 
economical,  responsible  mining  system. 

Accordingly  in  1864,  the  present  incumbent,  Mr.  J.  .Tay- 
lor Boyd,  was  appointed  Superintendent  of  the  Cornwall 
Ore  Bank  Company,  who  ''shall  charge  the  proprietors 
with  the  amount  of  ore  delivered  to  each  of  them,  for  his 
or  their  own  consumption,  at  the  rate  per  ton  of  the  one- 
twentieth,  less  ten  per  cent.,  of  the  value  of  the  pig  metal 
of  which  Cornwall  ore  forms  an  entire  or  jmncipal  part,  in 
the  city  of  Philadelphia,  which  shall  be  ascertained,  at  the 
end  of  every  three  months,  by  the  average  price  during  that 
period." 

This  agreement  is  still  preserved,  and  under  the  efficient 
management  of  Mr.  Boyd  there  seems  to  be  no  question  as 
to  the  success  of  the  movement  to  reduce  mining  to  one 
general  system,  by  which  plans  can  be  made  for  the  good 
of  all  and  for  the  most  economical  methods  for  mining  the 
ore.  All  evidences  of  the  old  "mine  holes"  are  fast  dis- 
appearing as  the  plans  for  a  systematic  development  of 
the  whole  ore  body  are  advanced.  These  look  to  a  general 
extension  of  a  water-level  working  face  east  and  west  from 
Furnace  creek,  and  working  in  successive  terraces,  in  ad- 
vance of  each  other,  while  the  general  system  is  maintained. 

As  tending  to  this  end,  a  water-level  open  drift  is  being 
at  present  started  westward  through  the  Middle  hill,  which 
will  eventually  be  led  into  the  (at  present)  abandoned  Grassy 
hill  opening.  This  is  driven  well  along  the  south  side  of 
the  hill,  leaving  a  water-level  face  to  the  north,  80  feet  high 
and  400  feet  wide. 

The  general  features  of  this  method  of  working  are  suffi- 
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ciently  well  shown  on  the  map  of  the  ore  banks  accompany- 
ing this  report. 

The  railroad  tracks  within  the  mine  advance  with  the  min- 
ing, the  shifting  generally  being  done  in  the  summer  or  fall. 
Between  the  track  and  the  working  face,  a  platform  of  un- 
touched ground  is  left  from  10  to  25  feet  wide  and  about  6 
feet  high,  for  the  double  purpose  of  saving  the  tracks  from 
the  injury  of  falling  ore  after  blasting,  and  for  facility  in 
loading  the  ore  into  the  cars. 

The  character  of  the  broken  '*run  of  mines'"  ore  is  such 
that  it  can  be  as  readily  loaded  as  mixed  rock  and  earth, 
and  the  workmen  are  alternately  diggers  and  loaders. 

The  commercially  prepared  ore  requires  sorting  on  this 
platform  into  lump  and  fine  ore ;  but  the  cost  involved  in 
this  transfer  from  the  blasted  face  of  ore  into  the  cars  is  not 
necessarily  much  greater  than  loading  so  much  mixed  rock 
and  dirt  from  an  ordinary  railroad  cut.  Skilled  mining 
labor  therefore,  in  these  huge  open  quarries  does  not  enter 
into  the  question  of  expense  at  all,  except  in  so  far  as  the 
common  miner  is  required  to  judge  exteriorly  as  to  the  grade 
of  ore  when  assortment  is  demanded.  And  even  here,  if 
negligent  or  incapable,  a  watchful  head-miner  can  correct 
his  error. 

In  the  Middle  hill  three  gangs  of  men  are  at  present  em- 
ployed, two  in  the  water-level  faces,  a  view  of  which  is 
seen  in  photo-plate,  opposite  page  511,  and  the  third  in  work- 
ing down  the  upper  terrace  to  one  general  plain,  alternating 
between  the  ridge  of  mixed  ore  and  limestone  on  the  south 
and  the  piece  of  nearly  virgin  territory  on  the  north  side, 
almost  all  of  which  is  thoroughly  oxidized  and  free  from 
sulphur  for  at  least  50  feet. 

In  the  Big  hill  four  distinct  terraces  are  shown  on  the 
map,  though  work  is  only  carried  on  in  two  levels,  the  up- 
permost, and  in  the  high  120'  face,  near  the  bottom. 

This  latter  face  presents  decidedly  the  grandest  sight  at 
the  banks. 

A  combination  of  circumstances  led  to  the  adoption  of 
plans  to  work  this  immense  column  of  ore  in  one  face,  but 
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it  hardly  seems  as  economical  or  advisable  as  working  in 
smaller  terraces. 

After  a  general  blast,  the  injury  possible  from  falling 
masses  weighing  tons  each  ;  the  difficulty  and  time  lost  in 
moving  the  smaller  ones  should  they  be  caught  anywhere 
in  their  descent ;  the  width  of  platform  required  to  prevent 
destruction  of  tracks,  and  the  consequent  extra  carriage  in 
loading,  are  only  some  of  the  disadvantages  that  tend  to  favor 
a  smaller  working  face.  Indeed,  were  it  possible  always  to 
lay  out  mining  operations  on  paper,  a  50-foot  face  would 
seem  to  offer  the  most  inducements  for  rapid,  safe,  and 
economical  mining.  On  the  south  side  of  this  level  the 
Robesonia  Iron  Company  are  working  independently,  ac- 
cording to  the  terms  of  their  privilege ;  and  inasmuch  as 
they  will  require*  from  1000  to  1500  tons  a  week  to  supply 
their  furnace,  it  is  quite  probable  that  the  symmetry  of 
mining  may  be  somewhat  abridged,  and  with  some  slight 
loss  at  least  to  the  general  economy. 

The  work  on  the  upper  terrace  is  to  reduce  everything  to 
an  800'  A.  T.  level,  through  a  space  650'  long  and  400'  wide. 

Most  of  the  ore  above  that  level  in  this  hill  is  the  soft 
brown  ore  which  requires  little  or  no  blasting,  and  can  be 
very  quickly  and  cheaply  mined. 

In  all  these  operations,  the  precision,  celerity,  and  I  judge 
economy  of  the  work,  is  enhanced  by  the  use  of  compressed 
air-drills. 

The  Cornwall  drills,  six  in  number,  introduced  in  the  fall 
of  1882,  are  of  the  Ingersoll  type,  3J-inch  cylinder  hand- 
feed,  6i-inch  stroke. 

Its  great  advantage  in  the  work  it  is  called  upon  to  per- 
form in  this  deposit  lies  in  the  protection  given  to  the  cylin- 
der heads  by  enclosed  elastic  cushions,  preventing  a  jar  or 
break  in  case  the  drilling  bit  should  suddenly  penetrate  a 
soft  ore  or  decomposed  rock  stratum,  and  so  allows  the  pis- 
ton to  make  a  full  stroke  with  safety.  One  of  the  chief 
sources  of  wear  in  these  drills  seems  to  be  in  the  cutting 
down  of  these  cushions  by  the  dust  and  fine  ore  that  rise 
from  the  hole  during  the  process  of  drilling. 

*Oot  80.    The  Robesoula  famaoe  has  Just  been  blown  in. 
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Each  drill  weighs  about  345  pounds,  and  is  worked  by- 
two  men.  They  approximate  300  blows  a  minute,  and  in 
the  Cornwall  ore  seem  capable  of  making  150-160  feet  a 
day  of  10  hours,  boring  3-inch  holes  5  feet  apart  and  about 
12'  deep.  Each  drill  is  computed  equivalent  to  the  work  of 
about  18  men. 

The  air  for  these  drills  is  derived  from  the  Compressor,  a 
well-built  plant,  situated  in  the  flat  of  Furnace  creek,  mid- 
way between  Big  and  Middle  hills.  A  3-inch  main  iron  pipe 
carries  the  air  to  the  hills,  where  it  is  subdivided  by  2  and 
li-inch  pipes,  and  conducted  to  the  different  working 
faces. 

The  greatest  distance  air  is  carried  at  Cornwall  is  about 
1800  feet,  and  in  that  distance  there  is  said  to  be  only  a  loss 
of  about  2  pounds  pressure. 

The  Compressor  is  of  the  duplex  form  furnished  with 
water-jacketed  air  cylinders,  and  also  with  spray  pumps  for 
cooling  by  injection,  which,  however,  have  been  detached 
at  Cornwall.  The  steam  cylinders  have  20''  diameters  ;  air 
cylinders,  21";  the  stroke  of  both  is  42  inches,  and  the  num- 
ber of  revolutions  60  per  minute. 

They  are  presumed  to  furnish  about  1500  cubic  feet  of 
air  per  minute,  and  are  capable  of  running  20  three-inch 
drills. 

The  boilers  are  of  the  return  tubular  type,  3  in  number, 
having  a  steam  drum  across  the  top  of  the  dome,  from 
which  the  steam  is  conveyed  to  the  top  of  the  compressing 
engines. 

They  are  5'  in  diameter,  14'  long,  with  90  tubes  each. 
One  boiler  is  usually  held  in  reserve.  They  consume  about 
2  tons  of  anthracite  coal  per  day  of  10  hours,  and  furnish 
air  at  about  60  pounds  pressure. 

The  drills  are  necessarily  kept  in  advance  of  the  work,  a 
series  of  holes  being  drilled  or  plugged  ready  for  charging 
in  various  parts  of  the  banks  ;  and  herein  lies  the  great  use- 
fulness of  the  air-drill. 

Formerly  large  quantities  of  the  different  classes  of  ores 
had  to  be  kept  in  stock  at  the  mines  ready  for  the  varying 
demand  that  is  apt  to  arise  at  any  time,  especially  among 
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furnaces  only  using  a  portion  of  Cornwall  ore  for  mixture. 

These  ore  piles  necessarily  interfered  somewhat  with 
mining  operations,  and  during  cold  weather,  exposed  to 
snow  and  rain,  the  freezing  together  of  the  masses  added 
considerably  to  the  total  expense  of  shipment.  At  present 
an  order  for  a  special  grade  or  amount  of  ore  can  be  filled 
without  any  delay,  immense  quantities  of  ore  being  quickly 
thrown  down  from  already  prepared  blast-holes.  Dynamite 
is  used  both  for  blasting  and  in  breaking  up  the  larger 
masses  of  hard  ore  after  being  loosened,  where  they  will 
not  yield  to  an  iron  wedge.  The  charge  of  dynamite  varies, 
according  to  the  nature  of  the  ground,  from  5  to  8  pounds 
per  12'  hole. 

A  force  of  about  200  men  are  employed  at  present  under 
four  head  miners,  and  the  output  varies  from  35,000  to  40,- 

000  tons  per  month,  or  from  7  to  9  tons  a  day  per  man, 
allowing  25  days  to  the  month,  and  with  wages  at  13  to  15 
cents  per  hour. 

In  comparison  with  table  2,  page  — ,  where  the  average 
mined  and  shipped  per  day  was  from  4  to  6  tons  per  man, 
the  work  of  1885  shows  a  gain  of  from  60  to  76  per  cent. 

How  much  of  this  is  due  to  the  introduction  of  air  drills 

1  had  no  means  of  finding  out ;  but  of  their  eflFectiveness, 
the  great  increase  of  production,  and  their  great  adaptabil- 
ity to  this  class  of  work,  there  can  be  no  doubt,  and  it  is 
but  fair  to  presume  that  their  economy  has  been  well  es- 
tablished by  their  3  years  of  continuous  service  at  Corn- 
wall. 

In  continuation  of  the  data  furnished  in  tables  1  and  2, 
and  for  comparison  with  them,  the  following,  table  3,  is 
taken  from  Mr.  Boyd's  statement  in  September  1877,  and 
is  of  interest  as  showing  the  average  price  obtained  per  ton 
for  Cornwall  iron  ore,  sold  to  sundry  parties  from  the  date 
of  formation  of  the  Ore  Bank  Company  in  February,  1864, 
down  to  December  31,  1876. 
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Table  No.  3. 


Tsar. 


»-i  ft.** 


•OS© 

*  fl  *  fl 

®    C?    »^    M 


8  «S 


1864, 
1866, 
1866, 
1867, 
1868, 
1869, 
1870, 
1871, 
1872, 
1878, 
1874, 
1876, 
1876, 


92  82 


I 


92 
77-7 
83 
67-7 
29-9 
44-2 
68-6 
29-6 
3  68-9 
2  61-4 
2  28-3 
1  94-9 


1 
1 
1 
1 
2 
1 
1 
4 


96  21-4 
6  08-6 
18-3 
69-3 
42-8 
93-1 
76 
72 
9  26-4 
8  68-1 
8  21-3 
6  68-6 
3  87-9 


6 
6 

7 
7 
7 
7 


II  01-8 


00 

00 

00 

01-2 

00 

42-7 

47-1 

89-4 

96-3 

78-7 


93  12-1 
2  66-4 
2  68-2 

2  68-4 
808-3 

3  68-6 
3  14-6 

3  68 

4  96 

6  10-2 
4  76-9 
3  76-4 
2  85^ 


A  comparison  of  the  last  two  columns  of  this  table  will 
show  clearly  the  error  of  making  special  contracts  for  large 
supplies  of  ore  through  a  series  of  years,  especially  at  a 
fixed  price  per  ton,  as  was  done  in  this  instance. 

In  table  2,  page  6o4,  the  third  column  gives  the  average 
cost  of  mining  from  1852  to  1858 ;  from  1859  to  1864,  a 
statement  of  Messrs.  E.  and  C.  B.  Grubb  gives  the  follow- 
ing summary  of  their  production  and  costs  : 

Table  No,  i. 


YSAB. 

Tdna. 

Cost 

Average  oost. 

1869-60,     

60-61, 

61-62,  ) 

62-63,  >     

18,630 
17,603 

86,661 

93,907.40 
8,498.26 
1,647.67) 
2,892.16  S 
6,843.32  S 

90  21 
20 

63-64,) 

Totals, 

72,748 

917,788.70 

^^^ 

During  the  same  period,  through  Mr.  A.  Wilhelra's  testi- 
mony, covering  the  operations  of  the  other  co-tenants,  the 
following  summary  serves  to  Illustrate  the  results  of  mining : 
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Table  No,  5. 

(a.) 

Tons,    CwU 

Whole  quantity  used  and  sold  in  1859, 44,309  lO^ 

Whole  quantity  used  and  sold  in  1860, 54,698  Osj 

Whole  quantity  used  and  sold  in  1861,  .  ...  33,077  19i 

Whole  quantity  used  and  sold  in  1862, 60,348  01 J 

Whole  quantity  used  and  sold  in  1863,     76,961  01  f 

Whole  quantity  used  and  sold,  January,  1864,      .   .   .  5,475  054 

f  g  of  48,869  tons  10}  cwt  ore  taken  to  Robesonia  from 

January  1, 1859,  to  February  1,  1864 80,543  09^ 

805,413    Ui 

(6.)  Cost  of  ore  raising  during  same  period. 

From  April  1, 1859,  to  March  31,  1860,    ....  13.317  ota  per  ton. 

From  April  1,1860,  to  March  31, 1861 12.343  " 

From  April  1, 1861,  to  March  31,  1862,    ....  13.401  *< 

From  April  1, 1862,  to  March  31, 1863 15.895  *' 

From  April  1,  1863,  to  December  31. 1863,   .   .  25.474  <' 

From  January  1, 1864,  to  February  1, 1864,  .   .  31. 868  ** 

.In  conclusion  of  this  subject,  table  No.  6  is  designed  to 
show  the  approximate  ore  tonnage  won  from  this  vast  deposit 
from  1740  to  July  1,  1885.  Of  course  such  a  calculation 
could  only  be  approximate,  though  through  the  courtesy 
of  Superintendent  Boyd,  the  records  from  April  1,  1848, 
were  furnished  from  the  office  books  and  are  therefore  re- 
liably representative  of  the  last  37  years'  mining.  Prom 
1740  to  1790,  a  period  of  50  years,  an  average  has  been 
struck  of  6000  tons  a  year,  based  on  the  data  that  there 
were  but  three  (3)  charcoal  furnaces  using  Cornwall  ore,  each 
with  a  yearly  capacity  of  about  1000  or  1200  tona  of  pig 
metal,  which  is  taken  as  equivalent  to  about  2000  tons  each 
of  ore,  after  making  a  due  allowance  for  breakage,  out  of 
blast,  repairs,  etc. 

From  1790  to  1848,  a  period  of  58  years,  the  consumption 
was  about  700,000  tons,  based  on  the  product  of  6  furnaces, 
all  of  which  used  Cornwall  ore.  , 

Though  the  grand  total  thus  computed,  seven  millioii 
tons^  seems  a  large  one,  it  hardly  begins  to  convey  what 
the  possibilities  of  this  wonderful  deposit  really  are. 

The  production  of  1885,  including  the  amount  mined  by 
the  Robesonia  Furnace  Company,  was  508,864^^  ^^^s,  and 
was  the  demand  of  what  may  be  called  an  ''off  year"  in 
36 
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iron.  It  was  the  output  from  only  about  one  third  the 
capacity  of  the  present  plant,  and  it  is  probably  within 
bounds  to  say  thar>  a  yearly  output  at  these  mines  of  two 
million  net  tons  could  be  readily  managed  without  the 
slightest  interference  to  the  workings  or  change  of  mining 
plans,  and  that  such  a  supply  could  be  kept  up  for  about 
15  years  without  exhausting  the  amount  of  ore  above  water- 
leveL 

Table  No.  6, 

Showing  approximate  production  of  iron  ore  at  Cornwall 

oie  banks. 


*Froin  1740  to  1790,  three  furnaoes,  eaoh  2000  tons 
yearly, 

^From  1790  to  1848,  six  fltmaces,  eaoh  2000  tons 
yearly,  about        

From  April  1,  1818,  to  January  1,  1858, 

From  January  1,  1853,  to  February  1,  1864,  (date 


T<m8. 
800,000 

700,000 
173,190.11 


s 

I 

I 

o 
E 

o 


formation  of  C.  O.  B.  Company,) =1,851,717.05 

864,  (11  months,)       165,915.02 

866, 114,802.11 

866, 216,669.16 

867, 202,756.03 

868, 166,848.08 

869, 178,428.16 

870, 174,407.17 

871, .  176,054.16 

872, 193,317.01 

878, 166,782.06 

874, 112,429.04 

876, : 98,924.17 

876, 137,901.11 

877, 171.588.19 

878, 179,299.03 

879, 268,488.06 

880, 281,172.18 

881, 249,050.01 

882, 809,680.11 

883, 863,148.10 

884, 412,819.17 

885, 508,864.06 

4,802,839.13 

Grand  total  from  1740  to  January  1, 1886,    =  7,827. 747. 09 


*  Amount  estimated. 
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The  history  of  mining  at  Cornwall. 

The  chain  of  title  to  this  famous  property  dates  from  the 
proprietaries  of  Pennsylvania,  John,  Thomas,  and  William 
Penn,  incorporated  in  a  tract  comprising  something  less 
than  10,000  acres  of  land,  (really  9,669  acres.) 

The  proprietaries  assigned  the  land  to  one  Joseph  Turner, 
and  he,  in  turn,  to  William  Allen,  A.  D.  1732. 

Five  years  later,  in  1737,  Allen  sold  300  acres  to  Peter 
Grubb  (distinguished  from  others  of  the  name  as  "  No.  1 ") 
for  a  consideration  of  £135,  and  tliis  transfer  may  be  said 
to  designate  the  Cornwall  ore  banks  property  to-day,  though 
the  ore  mines  proper  only  contain  about  63  acres. 

Peter  Grubb  divided  his  interest  in  this  land  into  third 
parts,  tioo  thirds  going  to  his  elder  son  Curtis,  and  one  third 
to  Peter  Grubb,  ("No.  2,")  as  shown  in  diagram  :      • 

John,  Thomas,  William  Penn. 

\ 

Assigned  to  Joseph  Turner. 


* 


Assigned  to  William  Allen,  1732. 

I 

Peter  Grnbb  ("No.  1"),  in  1737. 
300  acres  (Cornwall  ore  banks  property),  for  £135. 

~  I 

I  I 

Curtis  Grubb,  f.  "No.  1"  Peter  Grubb,  i 

June  28,  1783,  Curtis  Grubb  assigned  to  his  son,  Peter 
Grubb,  Jr.,  (''No.  3,")  one  sixth  of  his  interest,  which  one 
sixth  passed  into  Robert  Coleman's  hands  in  May,  1786, 
Peter  and  Mary,  his  wife,  however  inserting  the  following 
clause  in  the  deed  of  sale  :  f 

*Soine  reords  place  this  date  at  1734,  April  5. 

t  This  constituted  the  celebrated  **  ore  privilege  *'  clause,  the  subject  of  much 
Htlgation,  and  now  held  by  the  Robesonia  Iron  Company,  Limited,  of  Robe- 
son ia,  Pa. 
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''Saving  and  excepting  unto  the  said  Peter  Grubb,  Jr., 
his  heirs  and  assigns  forever,  the  right,  liberty,  and  privi- 
lege, at  all  times  thereafter,  of  entering  upon  the  premises 
and  of  digging,  raising,  and  hauling  away  a  sufficient  quan- 
tity of  iron  ore  for  the  supply  of  any  one  furnace  at  the 
election  of  Peter  Grabb,  Jr.,  his  heirs  and  assigns,  at  all 
times  hereafter." 

This  important  reservation  still  holds  good,  in  spite  of 
the  fact  that  the  capacity  of  blast  furnaces  has  been  greatly 
altered,  changing  a  grant  of  some  2,000  tons  yearly  to  one 
of  at  least  35,000  tons. 

This  Peter  Grubb,  Jr.,  died  before  his  father,  Curtis, 
and  on  the  8th  of  December,  1785,  steps  were  taken  for  an 
amicable  partition  of  land,  etc.,  between  Curtis  Grubb, 
Rol)ert  Coleman,  and  Peter  Grubb,  (''No.  2,")  the  brother 
of  Curtis. 

It  was  found  impossible  to  adjust  valuations  in  the  ore 
hills  proper,  for  even  then  the  difficulties  of  dividing  con- 
sistently this  great  ore  deposit  were  very  manifest.  It  was 
about  this  time  that  the  "Thomas  Clark  Survey,"  was  made 
to  determine,  if  possible,  the  extent  of  the  ore  deposit  which 
its  lines  were  supposed  to  contain. 

This  same  survey  has  been  made  the  subject  for  frequent 
dispute,  until  finally  the  Supreme  Court  has  refused  to  take 
cognizance  of  it.  No  two  men,  it  is  so  stated,  have  ever 
been  able  to  run  out  its  lines  alike,  or  even  locate  its  cor- 
ners, and,  as  it  was  probably  run  originally  by  needle  courses 
and  primitive  methods,  this  statement  is  probably  correct. 

On  May  6,  1786,  a  division  was  made,  as  follows  not  af- 
fecting the  ore  banks,  which  were  to  be  held  in  common 
tenancy :  Curtis  Grubb,  f ;  Robert  Coleman,  | ;  Burd  and 
Henry  Bates  Grubb,  f,  the  latter  being  the  children  of  Peter 
Grubb,  "No.  2,"  whose  one  third  interest  they  inherited 
by  will  proved  January  21, 1786.  By  this  agreement  "  their 
respective  heirs  and  assigns  should  have  full  privilege  and 
libertj^  of  ingress,  egress,  and  regress  to  and  from  said 
(Cornwall)  mine  hills,  and  should  have  free  and  uninter- 
rupted liberty  and  power  to  dig,  sink  shafts,  drive  drifts, 
i-aise  and  carry  away  any  ore  that  may  be  found  to  extend 
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beyond  the  limits  of  said  (Thomas  Clark)  surveys,  without 
doing  any  injury  to  the  iron  worl\S  or  plantation;  and  it 
was  thereby  agreed  that  the  privileges  of  the  waters  should 
be  secured  in  the  most  ample  manner,  for  the  use  of  the  said 
Curtis  Grubb  and  Robert  Coleman,  their  heirs  and  assigns 
forever." 


January  12,  1798,  Robert  Coleman  bought  Curtis  Grubb' s 
f  interest  for  £29,100,  and,  May  4,  1798,  Burd  Grubb  con- 
veyed his  share,  ^,  to  Henry  Bates  Grubb. 

May  12,  1798,  Henry  Bates  Grubb  sold  his  half  interest 
(I)  to  Robert  Coleman,  and  February  18,  1803,  the  two  latter 
parties  made  an  agreement  of  partition,  the  property  being 
divided  into  96  parts,  of  which  Robert  Coleman  held  f  or 
^  and  H.  B.  Grubb  \  or  \^, 


Robert  Coleman  died  in  1825,  and  by  will  of  March  8, 
1822,  conferred  on  his  sons,  William  Coleman,  f  §  ;  James 
Coleman,  |f ;  Edward  Coleman,  || ;  Thomas  Burd  Cole- 
man, \^, 


April  23,  1828,  William  conveyed  to  Thomas  Burd  his 
share,  or  ||,  and  Edward  conveyed  his  share,  in  equal  parts, 
to  James  and  Thomas  Burd,  thus  leaving  the  property  (1828) 
partitioned  as  follows : 

James  Coleman, H 

Thomas  Burd  Coleman, \l 

H,  B.  Grubb, J« 


The  succession  of  interests  from  that  time  will  be  best 
shown  in  table  form  as  follows : 


566  UEOLOQicAL  stiKVEV  OF  penn'a,  1885.  {Lesley  <£ 


d^Invilliers.']    Cornwall  iron  ore  mines. 


667 


2P 

a 

60 
60 


•»0 
•Si 

eo' 


8 

60 


^      g 

^     C     o 
CO    •— I  ^— ^ 


c 

s 

'o 

o 

pq 

00 

e 

o 


n 


"i « 

3^ 


s 


< 


d 

a 


s 


S  -^  -g 

O    CO     oo 

i 

00 


•"  s 


o  ^ 


i4 
« 

o 


It 


It 
9^ 


a 


I 


s 


o 


-S 


•e»o 


•  ^^ 


(& 


a 


_•    i-i     •• 


ill 


8  S 


3  O  5 


6 

^  2  a 


GEOLOGICAL  SUKVEY  OF  pknn'a,  1885.  {^Lesley  & 


(TlnvUliers.}    Cornwall  iron  ore  mines. 


667 


2? 

«>» 

a 

«a 

60 

HO 

60 

•»0 

•♦o 

I' 

60 


d   o 


CO 

rS  "S  ^ 


2^ 

•» 

S 

'd 

d 

pq 


e 

o 


It    *•* 

I- 


9 


•^    PI  ^^ 

«      >  ^ 

i   S  O 

S  --^  -r 

O    CO  CO 

r-l  '-^ 
CO 

rt    "d  (D 

fi      (D  .— 


W 


00 


,11 

OQ 

^^ 


s 


•o 


< 


d 

a 


s 


•2 


-S        1 


-1^ 


•s  - 


o 


00 


9^ 


o 

9 


•d 


«6> 


■^^ 

^ 


s 


s 


08 

Q 
O 

s 


l§ 


Xi    9 


a 


S  29    "^  *^    fl 


gS5 


e*» 


8  ^ 


•d  ja 
$   o 


3!         8 

JQ  ^ 


a^'z 


& 


iJEOLooiCAL  SURVEY  OF  PES!*' A,  1885.  [LesUy  <£ 


cCInvilUers.']    Cornwall  iron  ore  mines. 


667 


2? 

a 


«0 
60 

•Si 

•<s» 

•♦o 


^     C     o 
OP 


B^ 


«o 


c 
S 

O 
nd 

d 

pq 

00 

e 

o 

Eh 


.4 


«■ 
CO    ^ 


s  « 

3^ 


^  ^  g 
§   S  o 

^   ^^ 
'o    CO    w 


CX5 


•3% 

-I 


2  "5  . 
•5  "O 


S 


»4 

IS 


"I 


9^ 


a 
a 
< 


< 


d 
o 

a 


9 


/-■>*• 


§ 


•d 

08 


o 


(g 


_f«     • 


i 


g'jTs 


d  2  5 

•^  ©a 


e«» 


8  S 


86S 


t^      d 


3EOLOGICAL  SURVEY  V  penn'a,  1885.  [Lesley  & 


TTie  M^Cormich  magiwlic  i/ron  ore  mme. 
east  of  Bitlsburyr. 


Arerage  t/ilc/rn&TS  of  p'v  bfct  fivtn  A  lo  S  Oi 
Arvr-affg  dip  of  tiojl  ami  slvpe  about   fO  degrees. 
fZoo/' ami  roof  Ct  tvfnjtMxcc  Aarif   sandstitne. 
Bi-gast  at  Sbiiffoud  ore.  n-iiA  a  horse  of  hard  MXndjtonr  dipping  Jf  3S\ 
S'-cmt  at  C.  Attune  sa/ndroch  but  thiir. 
Trap  rralL  at  boitoni  of.Tf>a/t  dips  30 


yertictzl  section  along  the  slope. 
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The  present  interests,  therefore,  are  divided  as  follows 
(October,  1885) : 

Robert  Coleman, Vi^-f|lf=^^- 

Annie  Uoleinan,      ^  +  i^  =  ^^ 

Deborah   Coleman,  (wife  of   Q-.   Daw- 
son,) in  trust  for  seven  children,  .   .   =  i| 

Robert  Coleman,  (of  Paris,) =  ^f 

Sarah  H.  Coleman, =  f^ 

Mrs.  Margaret  C.  Freeman, =  |^ 

Mrs.  A.  C.  Alden, =  |^ 

E.  B.  Grubb, =  X 

Henry  B.  Grubb, -    -   ==  A 

C.  Ross  Grubb, ==  ^\ 

Euphemia  Grubb, =  -^ 

Clement  B.  Grubb, =  ^\ 

Total,      U 

[Note.  The  Dillsburg  magnetic  ore  mines  in  York  county 
have  been  referred  to  several  times  in  the  foregoing  report 
on  the  Cornwall  mine  ;  and  comparative  analyses  of  Dills- 
burg ore  will  be  found  in  it.  The  resemblance  is  striking. 
The  presence  of  copper  is  very  striking.  The  presence  of 
greenstone  trap  is  equally  important.  But  it  must  be  con- 
fessed that  very  little  progress  has  been  made  towards  a 
satisfactory  geological  explanation  of  the  Dillsburg  ore 
beds.  Nor  do  I  see  how  such-  an  explanation  can  be  ob- 
tained until  mining  operations  have  advanced  far  beyond 
their  present  extent.  As  yet  the  Dillsburg  ore  seems  to  be 
confined  to  the  Triassic  formation,  although  there  are  im- 
perfect and  unsatisfactory  indications  of  its  connection  with 
the  rocks  (slates  and  limestones)  of  the  underlying  Palaeo- 
zoic floor  on  which  the  Triassic  beds  lie. 

There  are  indeed  Triassic  limestone  beds  ;  and  they  have 
been  quarried  in  Adams  county,  south-west  of  Gettysburg. 
But  it  would  be  hazardous  to  look  upon  the  Dillsburg  mag- 
netic ore  beds  with  their  walls  of  trap  as  altered  beds  of 
IViassic  limestone. 
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In  advance  of  any  discussion  of  the  Dillsbnrg  mines,  in 
continuation  of  and  to  a  more  satisfactory  issue  than  what 
may  be  found  published  respecting  them  in  the  two  reports 
on  York  and  Adams  counties  (C  and  C*)  I  have  thought  it 
well  to  secure  two  local  maps,  by  publishing  them  in  the 
form  of  two  page-plates  here  at  the  end  of  the  Cornwall 
report. — J.  P.  L.] 


Some  genet  al  considerations  respecting  the  origin  and  dis- 
tribution of  the  Delaware  and  Chester  Kaolin  deposits. 


By  J.  p.  LesIiBT. 


The  striking  parallelism  of  the  streams  of  the  kaolin  dis- 
trict of  Delaware  and  Chester  counties  indicates  a  general 
regularity  of  geological  structure.  Diverging  strikes  and 
varying  dips,  due  to  local  crimplings  (both  horizontal  and 
vertical,)  characterize  all  our  most  ancient  rock  regions  ;  * 
but  however  numerous  they  may  be,  and  however  em- 
barrassing to  mining  operations  at  the  spots  where  such 
operations  are  prosecuted,  they  scarcely  interfere  at  all  with 
the  normal  strike  and  dip  of  a  large  district  traversed  by 
the  outcrops  of  formations  hundreds  of  feet,  as  in  this  case, 
and  sometimes  thousands  of  feet,  in  thickness. 

Such  a  dominant  strike  line  is  indicated  on  the  colored 
geological  map  of  Delaware  county  in  several  ways.  For 
example,  a  line  drawn  from  Concordville  N.  33°  E.f  across 
Chester  creek,  past  Howellville,  and  across  Ridley  creek  to- 
wards Edgemont,  will  most  exactly  represent  the  axis  of 
that  arm  of  the  Laurentian  gneiss  area,  on  each  side  of 
which  lie  the  less  ancient  serpentine-bearing  gneiss  belts. 

A  line  drawn  from  Crawford's  Kaolin  Works  in  the  same 
N.  33°  E.  direction,  through  Glen  Mills  on  Chester  creek, 
and  Castle  Rock  on  Crum  creek,  will  represent  not  only  the 
axis  of  the  Glen  Mills  belt  of  less  ancient  gneiss,  but  will 
pass  at  or  near  almost  all  the  exposures  of  serpentine  of 
western  Delaware  county. 

*As  good  a  place  as  any  to  study  the  infinite  oomplioations  of  the  sohlsts, 
both  yertioal  and  horizon tal»  is  along  Ridley  creek,  at  the  Hillsboro'  and  Rose 
Valley  mills,  8  miles  south  of  Media. 

fOn  the  township  maps  of  Birmingham  and  Concord  the  strike  Is  more 
nearly  N.  S60  B.,  and  there  is  no  deciding  between  the  two. 

(671) 
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Tliis  N.  38°  E.  direction  also  is  evidently  the  principal 
strike  of  the  serpentine  exposures  between  Chester  creek 
at  Lenni  and  Darby  creek  in  Radnor  township. 

The  excavation  at  Crawford's  Kaolin  Works  is  on  the 
north  side  of  the  Bethel  Township  road,  one  sixth  of  a  mile 
west  of  Naaman's  Creek  road,  and  five  sixths  of  a  mile  east 
of  where  the  Township  Line  road  strikes  the  State  line,  at 
the  head  of  Concord  creek,  a  mile  south  of  Elam. 

There  is  no  other  kaolin  opening  in  the  neighborhood  to 
indicate  the  general  strike  of  the  kaolinized  gneiss  belt ;  bnt 
such  an  indication  is  afforded  by  a  line  of  feldspar-rock 
quarries  extending  into  the  State  of  Delaware  in  a  direction 
south-west. 

A  feldspar-rock  quarry  a  few  hundred  feet  west  of  Elam, 
in  Concord  township,  is  worked  by  the  Bmndy wine  Summit 
Kaolin  Company.  The  depth  of  the  quarry  on  the  south 
side  is  about  50  feet. 

No  definite  structure  is  visible.  The  rock  is  cleaved  in 
several  directions.  The  outcrop  has  been  distinctly  traced 
south-south-westward  through  the  properties  of  E.  Klett, 
William  Johnson,  Samuel  Russell,  Isaac  Green,  W.  Twed- 
dell,  James  Guthrie,  and  Samuel  Talley,  on  the  township 
map.  Its  course  is  shown  upon  the  sketch  map,  which  is 
intended  to  show  the  relationship  of  the  kaolin  and  feld- 
spar belts  of  both  counties  with  the  quarries  in  the  State  of 
Delaware.  On  Mr.  Hairs  colored  county  map  Dickscm's 
feldspar  quarry  and  Way's  feldspar  quarry  in  Delaware 
are  merely  indicated,  but  not  located. 

The  clay  at  Crawford's  is  not  fine  enough  for  porcelain 
ware,  and  is  only  .used  for  tire-brick.  The  excavation  is 
small  and  affords  no  indication  by  which  the  horizontal  ex- 
tent of  the  clay  can  be  judged  of,  nor  its  possible  depth. 
The  country  aronnd  is  flat  and  cultivated,  and  apparently 
everywhere  covered  with  ferruginous  gravel. 

The  American  Kaolin  Works  in  New  Garden  township, 
Chester  countv,  are  situated  at  the  head  of  Broad  run,  half 
a  mile  south  of  Kaolin  P.  O.,  and  within  half  a  mile  of  the 
Delaware  State  line.     (Report  C*,  page  325.) 

The  abandonment  of  the  original  excavation  was  caused 
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by  a  sudden  break  of  water  into  an  exploring  shaft  which 
was  being  sunk  in  the  floor  of  the  quarry.  The  flooding  of 
the  quarry  was  sudden,  and  as  if  from  a  very  large  fissure 
or  reservoir  underneath.* 

The  surface  of  the  country  through  which  Broad  run 
flows  in  a  general  south-western  direction  is  made  up  of 
clay  and  quartz  fragments  all  the  way  from  Kaolin  to  Lan- 
denberg,  i,  e.j  along  a  wide  belt  north  of  the  limestone  belt. 
Wherever  the  rocks  in  place  are  visible  they  dip  south-east- 
ward (as  if  under  the  limestone  belt,)  and  at  such  gentle 
angles  that  Dr.  Frazer  averaged  the  dip  at  10°,  which  would 
account  for  the  wide  distribution  of  the  surface  clays,  f 

Plastic  clay  is  a  good  puddling  material,  as  is  well  known. 
The  standing  bodies  of  rain-water  at  the  bottom  of  all  clay 
mines  would  of  themselves  be  a  sufficient  proof  of  the  fact. 
Such  water  does  not  descend  in  the  ordinary  way  into  the 
earth,  but  is  evaporated  into  the  air.  If  water  should  be 
found  flowing  beneath  the  clay  mass,  it  must  be  water 
which  has  descended  through  the  broken  country  rock  on 
each  side  of  the  clay  mass,  and  has  in  this  manner  found 
its  way  beneath  it.  J 

*Ti]i8  would  be  an  important  fact  Indicative  of  structure  did  the  limeatone 
belt  of  Broad  run  lie  north  instead  of  south  of  the  kaoHn.  But  the  lime- 
scone  outcrops  at  Brown's  on  the  railroad  at  the  State  line,  and  the  limestone 
outcrops  at  the  quarries  where  Broad  run  and  Walnut  run  and  White  Clay 
creek  C3me  together,  aU  show  smth-eastern  dips  of  at>out  80^.  The  kaolinized 
feldspathic  rocks,  therefore,  underlie  the  limestone,  and  the  underground 
drainage  must  be  through  either  aemi-decomp  sed  rock^  or  along  fissures, 
slips,  "T  faults  in  the  same. 

fThe surface  formation  has  no  distinct  structural  features.  It  can  hardly  be 
a  true  deposit,  or  late  surface  gravel,  like  the  gravels  at  Walker's  (south  of 
Brown's  limestone,  ),j  ust  inside  the  State  of  Delaware,  or  like  thegravels  overly- 
ing the  kaolin  at  Crawford's,  south  of  Elam,  in  Delaware  county.  It  seems  to  be 
the  mouldered,  disintegrated,  and  slipped  outcrop'ping  feldspathic  rock  of  the 
region,  the  quartz  fragments  being  the  broken  quartzose  layers  or  veins  of  a 
formation  the  re'St  of  which  ha^  been  cdnverted  into  clay.  The  amorphous 
character  of  the  mass  of  kaolin  mined  by  Mr.  Spencer  must  be  due  then  to  the 
sliding  down  upon  the  bed-planes  southward  of  the  outcrops  of  a  more  com- 
pletely feldspathic  member  of  the  series,  decomposed  to  a  greater  depth  than 
the  rest  of  the  formation,  taken  as  a  whole ;  and  this  would  agree  with  what 
has  been  dtscribed  at  the  Brandy  wine,  in  Bradenburg  township,  Delaware 
county. 

X  At  the  same  time  we  must  remember  that  the  most  plastic  clay  is  porous 
to  a  certain  extent,  otherwise  a  wet  ball  of  day  would  never  dry.    This  poros- 
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The  present  surface-drainage  of  Broad  run  has  had  its 
south-western  direction  determined  for  it  by  the  gently 
south-east  dipping  outcrop-belt,  the  undercutting  having 
been  against  the  basset  edge  of  the  limestone  formation. 

I  see  in  all  this  clear  evidence  that  the  limestone  forma- 
tion (the  south-dipping  outcrop  of  which  is  at  the  Delaware 
State  line)  once  covered  the  whole  of  New  Garden  town- 
ship; /.  €,,  the  whole  country  between  the  State  line  belt 
of  limestone  quarries  on  the  south  and  the  Avondale-Ken- 
nett  Square  belt  of  limestone  quarries  on  the  north  ;  and 
that  those  two  lines  of  actually  existing  limestone  expos- 
ures are  all  that  remain  of  what  was  once  a  thick  and  solid 
limestone  country. 

Of  course  the  surface  of  that  country  must  have  been 
many  hundred  feet  higher  than  the  present  one.  From  age 
to  age  rainfall- erosion  has  been  lowering  the  surface  to  its 
present  level.  The  limestone  formation  became  ramified  by 
caverns,  the  roofs  of  which  kept  falling  in  here  and  there, 
leaving  sink-holes,  open  gulfs,  finally  vales  and  valleys, 
until  the  whole  was  removed,  and  the  underlying  feldspar 
rocks  were  laid  bare. 

When  the  last  series  of  caverns  reached  the  top  of  the 
feldspar  rocks,  these  began  to  suffer  decomposition  along 
strike  lines,  and  their  bed- planes  and  cleavage-planes  per- 
mitted the  decomposition  to  descend  to  various  depths. 
The  more  purely  feldspathic  layers  suffered  the  most 
change,  and  surface-drainage  along  the  edges  of  the  shrink- 
ing areas  of  limestone  sculptured  the  surface  of  the  country 
into  vales,  some  of  which,  if  not  all  of  them,  are  the  pres- 
ent water  channels,  like  Broad  run. 

My  apology  for  introducing  what  may  seem  mere  ele- 
mentary truths,  or  pure  speculation,  into  a  description  of 
our  kaolin  belts  is  the  verv  serious  fact  that  almost  all 
students  of  geology,  especially  those  who  look  upon  them- 
selves as  practical  experts,  think  of  the  present  surface  of 
the  earth  as  having  remained  from  the  beginning  of  the 

iiyof  clay  to  water  may  be  shown  by  covering  a  lump  of  dry  stone>hard  day 
with  half  a  dozen  do  hs  kept  well  soaked ;  in  a  few  hours  the  lump  will  have 
become  soft  enough  to  be  moulded  in  the  hand. 
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ages  essentially  uncJianged^  and  try  to  reason  out  the  ex- 
planation of  facts  upon  that  supposition.  It  is,  however, 
impossible  to  comprehend  the  geology  of  a  region  like 
Delaware  county,  so  long  as  this  idea  of  a  permanent  sur- 
face of  the  earth  obscures  the  thinker's  mind. 

As  to  Middle  and  Western  Pennsylvania,  it  is  easy  to 
see  that  it  has  suffered  the  loss  of  many  thousands  of  feet 
of  rock  formations.  An  inspection  of  the  map  of  tlje 
South  mountain  published  in  the  Atlas  to  Report  D*  will 
convince  any  one  that  the  limestone  strata  of  the  Lehigh 
valley  once  covered  those  mountains.  There  is  similar  evi- 
dence for  the  fact  that  this  limestone  formation  No.  II  once 
covered  northern  Chester.  It  still  remains  in  the  Chester 
county  valley,  but  is  being  gradually  worn  away.  For  all 
the  many  ages  that  erosion  has  been  going  on  it  is  not  to  be 
supposed  that  southern  Chester  and  Delaware  counties  re- 
mained unaffected ;  therefore,  we  cannot  avoid  looking  u  pon 
their  patches  and  belts  of  limestone  as  remnants  of  a  once 
continuous  covering  of  the  Chester  Valley  limestone  over 
the  whole  region. 

If  we  c^n  get  a  true  idea  of  the  slow  lowering  of  the  sur- 
face of  the  State  through  geological  ages  we  can  compre- 
hend why  the  older  Laurentian  gneiss  belts  should  come 
to  the  surface  between  belts  of  less  ancient  micaceous 
schists  holding  serpentine  and  kaolin  ;  just  as  the  conglom- 
erate and  red  shale  come  up  between  anthracite  coal  basins 
which  were  once  as  continuous  as  the  bituminous  coal-field. 
We  can  see  that  kaolin  and  serpentine  are  only  to  be  looked 
for  along  certain  strike  lines,  or  out-cropping  belts  of  such 
stratified  rocks  as  are  of  a  nature  to  permit  of  the  genera- 
tion of  these  minerals.  No  plutonic  or  volcanic  forces  need 
be  invoked  for  explaining  the  serpentine  ;  nor  local  thermal 
springs  for  explaining  the  best  kaolin  deposits. 

All  that  has  been  said  above,  however,  proceeds  on  the 
supposition  that  the  limestone  quarries  in  southern  Chester 
county  belong,  to  the  limestone  formation  No.  II  of  Chester 
valley,  Lebanon  valley  and  Lancaster  county,  made  white 
and  crj'stalline  or  semi-crysralline  by  a  crushing  pressure 
and  recementation.  as  is  plainly  visible  under  the  microscope. 
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There  are  older  limestones  interbedded  with  the  gneiss 
on  the  Brandywine  (see  Report  C*) ;  but  the  Kennett  and 
Broad  Run  limestones  may  safely  be  taken  for  outlying 
remnants  of  formation  Na  II. 

These  having  been  deposited  upon  an  ancient,  folded, 
and  eroded  surface  of  gneiss,  have  a  strike  and  a  dip  of 
their  own,  produced  by  the  folding  movements  of  a  later 
^iate,  and  in  a  different  direction. 

If  the  kaolin  clays  be,  as  they  seem  to  be,  merely  the 
decomposed  outcrops  of  highly  feldspathic  gneiss,  their 
range  ought  to  conform  to  the  general  strike  of  the  gneiss 
rocks,  and  not  to  that  of  the  No.  II  limestone  remnants ; 
and  conversely,  if  the  limestone  outliers  strike  across  the 
strike  of  the  gneiss,  then  there  can  be  no  connection  be- 
tween the  No.  II  limestone  quarries  and  the  kaolin  clay 
pits,  and  the  one  is  no  guide  to  the  other. 

The  normal  strike  of  i\\Q  feldspar  and  kaolin  belts  on 
the  Delaware  county  map  is  about  S.  3o°  W.  And  the 
same  strike  prevails  in  Chester  also,  if  the  two  feldspar 
quarries  in  Pennsbury  township  (one  S.  35°  W.  of  the 
other)  belong  to  a  continuous  outcrop,  or  to  what  was- once 
such. 

But  the  normal  strike  of  the  limestone  belts  of  this  part 
of  Chester  county  is  about  S.  75°  W.* 

It  looks  as  if  there  really  were  a  complete  non-conforma- 
bility  of  the  No.  II  limestone  upon  the  older  schists.f 

The  supposed  Potsdam  rocks  are  too  little  understood  to 
permit  us  to  say  how  their  normal  strike  mediates  between 
the  two  above-mentioned  non-conformable  strikes  of  the 
limestone  above,  and  of  the  schists  beneath. 

Dr.  Prazer  suggesfs  (in  C*,  pages  325,  326,)  that  the  wide 
spread  of  the  clays  of  New  Garden  township  into  Delaware 

*Such  is  the  course  of  the  Chester  County  or  Downiugtown  Valley;  such  ia 
the  course  of  London  Grove-Red  Lion  belt  of  limestone;  such  is  the  oonrse 
of  the  Chadd's  Ford-Norway-Ken  nett  Square- A  vond  ale  belt  of  limestone;  and 
such  is  the  course  of  the  Broad  Hun  limestone  belt,  on  a  continuation  of 
which  line  occurs  a  limekiln,  in  the  State  of  Delaware.  See  colored  map  of 
Chester  in  Report  C*. 

t  The  Kaolin  works  in  the  State  of  Delaware  seem  to  be  arranged  on  the 
limestone  strike,  and  not  on  the  strike  of  the  schists. 
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may  be  explained  by  the  general  gentleness  of  the  S.  E. 
dip  of  the  feldspathic  rocks  of  the  whole  district.  It  is, 
however,  desinible  to  discover  what  relation  to  this  general 
gentle  dip  certain  very  steep  dipping  rocks  bear  which  in- 
tervene between  the  kaolins  of  Chester  county  and  those  of 
the  State  of  Delaware,  as,  for  example,  the  "rotten  syenitic 
rock,  with  clay,  containing  quartz,"  near  the  corner  of 
Kennett  and  New  Garden  townships  and  the  State  of  Dela- 
ware, dipping  S.  30°  E.,  80^ 

If  the  kaolinized  rocks  are  those  which  next  underlie 
whatever  Potsdam  sandstone  No.  I  strata  may  be  left  in 
this  region,  and  the  limestone  No.  II  strata  overlie  the 
Potsdam,  we  can  understand  why  the  great  kaolin  expos- 
ures are  sometimes  (as  in  New  Garden  township,  Chester 
county)  near  a  limestone  belt,  and  why  in  other  cases  they 
occur  in  neighborhoods  where  limestones  are  now  un- 
known, although  they  once  covered  the  region. 

This  raises  an  important  question :  Was  the  former 
presence  of  the  limestone  (with  or  without  the  sandstone) 
an  essential  condition  for  the  Tcaolinization  of  the  feld- 
spathic rocks  ? 

lam  not  aware  that  this  question  has  ever  been  raised, 
yet  it  has  a  direct  bearing  not  only  on  the  kaolinization  of 
Delaware  and  Chester  county  rocks,  but  on  the  whole  sub- 
ject of  erosion,  or  the  sculpturing  of  the  surface  of  the 
globe.  I  have  taught  for  many  years  tliat  the  chemical 
dissolution  of  the  limestones  has  been  the  chief  cause  of  the 
formation  of  valleys,  and  consequently  of  mountains.  Ap- 
palachian topograi)hy  is  evidently  a  result  of  it.  But  we 
are  dealing  just  now  not  with  a  pile  of  Palaeozoic  inter- 
bedded  limestones,  sandstones  and  shales,  but  with  a  sup- 
posed contact  of  Palaeozoic  limestones  non -conformably 
overlying  the  old  feldspathic  schists.  The  question  takes 
a  special  shape :  Did  the  supei^imposed  limestone  in  the 
process  of  its  own  chemical  dissolution  furnish  chemical 
re  agents  more  energetic  for  decomposing  the  underlying 
rocks  than  any  which  would  have  attacked  them  had  the 
limestone  not  been  there  ? 

This  seemingly  transcendental  question  is  an  eminently 
37 
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practical  question,  and  a  notable  instance  can  be  adduced 
to  show  that  it  is  so.  I  refer  to  the  case  of  the  demoralized 
rock  at  the  west  end  of  the  Hoosac  tunnel,  in  western  Mas- 
sachusetts, described  and  discussed  by  Dr.  T.  Sterry  Hunt 
and  others.*  It  is  a  case  in  point ;  for  no  discussion  of  the 
cause  of  the  demoralization  of  the  strata  tJiere  can  reach  I 
think  a  satisfactory  conclusion,  unless  it  takes  into  con- 
sideration the  effect  of  the  chemical  solution  of  the  lime- 
stone formation  which  is  faulted  directly  against  the  demor- 
alized rocks,  t 

That  part  of  Virginia  and  North  Carolina  which  lies  east 
of  the  Blue  Ridge  is  a  country  of  especially  deep  demoral- 
ization. I  am  not  aware  that  any  one  has  connected  this 
with  the  fact  that  the  demoralized  region  was  once  covered 
by  Tertiary  strata  ;  as  the  600'  A.  T.  outcrop  at  Raleigh  suf- 
ficiently proves.  It  seems  to  me  evident  enough  that 
chemical  re- agents  generated  in  the  Tertiary  and  descending 
to  the  old  eroded  surface  of  the  underlying  Azoic  country, 
must  have  attacked  it  with  great  energy. 

Now,  the  same  effect  produced  by  the  energetic  reaction 
of  the  Cretaceous  and  Tertiary  calcareous  sands  and  marls 
upon  an  underlying  Azoic  surface,  must  have  been  produced 

*  Proceedings  of  Atneriean  JnsL  of  Min,  JEngrs,,  Oei,^  1874 :  Avieriean 
Journal  of  Science^  SepL,  ISSS^page  198, 

t  Dr.  Hant  takes  a  very  broad  view  of  the  aabject.  He  argaes  that  the  de- 
oompoeed  maas  at  the  tonnel  is  a  mere  local  remnant  of  a  nniyersal  covering 
of  Bach  deoompoaed  stuff  which  once  covered  all  New  England,  but  was  for- 
cibly removed  during  the  Ice  Age  by  the  great  glacier;  and  he  points  for  evi- 
dence to  the  fact  that  in  latitudes  to  which  the  glacier  could  not  extend,  as  in 
eastern  Virginia  and  the  Carolinas,  the  piesent  surface  still  remains  demor- 
alized to  the  depth  of  one  or  two  hundred  feet. 

He  points  also  to  the  fkct  tl}at  the  rocks  at  the  east  end  of  the  Hoosac  tunnel 
(four  mUes  distant)  are  not  demorallzdd  at  all ;  and  infers  that  they  were  so 
once,  but  that  the  decomposed  stuff  was  entirely  swept  off  by  the  glacier,  so 
that  no  trace  of  it  remains.  The  argument  would  be  good  if  the  strata  were  of 
the  same  kind  at  both  ends  of  the  tunnel :  but  they  are  not  (as  the  bed  of  iron 
ore  at  the  west  end  of  the  tunnel  is  of  itself  sufficient  to  show ; )  but  if  of  differ- 
ent composition  their  liability  to  decomposition  was  different. 

As  to  any  decomposed  coat  common  to  both  the  northern  and  southern  areas 
t  is  only  necessary  to  point  to  the  fact  that  there  is  none  such  over  south-east- 
ern Pennsylvania,  over  which  the  northern  ice  never  moved  any  more  than  it 
idid  over  Virginia. 
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by  the  percolation  of  waters  through  the  limestone  forma- 
tion No.  II  upon  any  Azoic  surface  once  buried  beneatJt  it 

And  the  same  effect  must  be  produced  at  every  locality 
where  a  limestone  formation  \^  faulted  against  Azoic  rocks. 
Our  limonite  beds  along  the  foot  of  the  South  Mountain 
can  be  thus  explained.  The  west  end  of  the  Hoosac  tunnel 
belongs  to  the  same  category.  The  demoralization,  has  ac- 
cidentally been  exhibited  to  us  at  that  one  point  by  the 
railway  cutting,  but  no  one  can  doubt  that  it  extends  for 
miles  along  the  went  foot-slope  of  the  mountain ;  that  is, 
along  the  line  of  fault  between  the  mountain  schists  and  the 
valley  limestones ;  and  one  may  safely  assume  that  the  real 
reason  why  the  east  slope  of  the  mountain  shows  no  such 
demoralization  is  not  because  the  stuff  has  been  removed  bv 
ice,  but  because  it  never  existed  there  ;  there  being  on  that 
side  of  the  range  no  such  limestone  faulted  against  the 
mountain  rocks. 

That  the  demoralization  at  the  west  end  is  not  local  to  the 
railway  line  may  be  inferred  from  the  astonishing  depth  to 
which  the  process  of  rock-decay  has  gone.  In  Virginia  the 
depth  of  the  decay  is  not  known  to  exceed  200  feet  any- 
where, and  usually  varies  between  50'  and  150',  quite  deep 
enough  to  make  mining  difficult  and  expensive.* 

But  in  the  Hoosac  tunnel  the  steep  east-dipping  strata 
were  found  to  be  completely  softened  and  decomposed  for 
a  distance  of  600' ;  that  is,  to  a  point  200'  vertically  be- 
neath the  surface,  and  partially  decomposed  for  400'  fur- 
ther to  a  point  230'  beneath  the  surface.  Moreover,  at 
1200',  (800'  beneath  the  surface,)  a  bed  of  brown  hematite 
iron  ore  was  cut  through,  which  is  of  course  an  item  of 
the  demoralization.  The  whole  mass  of  demoralized  strata 
consists  largely  of  Tcaolin^  into  which  the  feldsi^ar  of  the 
gneiss  has  been  changed. 

It  is  evident  that  decay  has  penetrated  thus  exceptionally 
deep  into  the  west  foot  of  the  Hgosac  mountain  because  of 
a  special  local  combination  of  three  circumstances;  (1)  A 
contact  of   lime  strata  with  feldspar  rocks ;  (2)  an  open 

*See  my  report  on  the  Titaniferous  Iron  Ore  Beit  of  North  Carolina,  March, 
1871,  in  the  Prooeedings  of  the  American  Philosophical  Society,  Philadelph  a. 
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water-way  in  the  sliape  of  a  downthrow  fault ;  (3)  a  general 
dip  of  the  Azoic  away  from  said  fault,  allowing  their  bed 
planes  and  cleavage  cracks  to  be  supplied  for  ages  with 
limestone  drainage  waters.* 

*Dr.  Hant  reaiarks,  (American  Journal  of  Science,  September,  1883,  page 
198 :)  **  1 1  is  evident  that  this  great  mass  of  decayed  gneiss  at  the  western  base 
of  the  H<»osao  mountain  is  but  a  portion  of  a  onoe  wide-spread  mantle  of 
similar  materials,  which  has  escaped  the  action  that  denuded  and  striated  the 
surface  of  the  other  parts  of  the  mountain.  Ihe  gneiss  on  the  crest  of  the 
mountain,  2000  feet  atKive  the  sea,  and  on  the  eastern  slope,  wherever  ex- 
posed, presents  the  rounded  surfaces  common  throughout  the  region,  often 
marked  by  glacial  striae  and  without  any  appearance  of  decay.'' 

Dr.  Hunt  ventures  to  apply  his  glacial  theory  to  the  kaolin  of  Berks  county, 
Pa.,  at  SieMholtzville,  where  a  steep  dipping  granitoid  gneiss,  completely 
kaolinized,  has  been,  as  he  thinks,  protected  from  erosion  by  an  overlying 
bed  of  magnetic  iron  ore ;  and  to  the  kaolin  in  Lehigh  county,  two  miles 
south  ot  Allentown,  where  a  reddish  feldspathio  rock  in  a  R.  R.  cut,  kaolin- 
ized as  a  who  e,  contains  masses  of  undecayed  gneiss,  along  continuous  bed 
planes,  these  being,  as  he  supposes,  protected  from  erosion  by  a  plate  of  over- 
lying Potsdam  sandstone. 

But  what  Dr,  Hunt  regards  as  a  protection  I  regard  as  an  agent  The  super- 
imposed rock,  instead  of  preserving  a  portion  of  the  decayed  surface  else- 
were  removed,  played,  as  I  believe,  the  principal  part  in  causing  the  decay. 
At  the  Huosac  tunnel  there  was  nothing  to  protect  the  tunnel  locality  against 
the  great  glacier,  so  far  as  we  can  now  see.  But  at  Bethlehem  and  Siesholtz- 
ville  there  was  no  protection  even  needed,  for  the  front  of  the  ice  never 
reached  that  far.  And  how  could  a  nearly  vertical  iron  ore  bed  protect  a 
foot  wall  of  clay  against  ice  erosion,  which  never  threatened  it?  The  fkct  is 
the  SeishoUzville  locality  was  onoe  covered  by  No.  I,  No.  II,  and  probably 
still  higher  Palaeozoic  formatin  s. 

In  the  striking  case  of  granite  surfaces  of  Minnesota,  mentioned  by  C.  A. 
White  and  N.  H.  Winchell,  (Geology  of  Iowa,  Vol.  1:124.  Second  Annual 
Report  of  the  Geology  of  Minnesota,  pages  162,  166,  207,)  there  is  no  proof 
that  they  were  kaolined  before  the  Cretaceous  measures  were  deposited  upon 
them.  And  in  the  cise  of  the  surfaces  described  by  Irving  (Transactions  of 
Wisconsin  Academy,  Vol.  111:13.  Proceedings  of  American  Institute  of 
Mining  Engineers,  Vol.  VIII:  103.)  there  is  no  proof  that  the  kaolinization 
occurred  before  the  Potsdam  smdstone  was  laid  down  upon  them.  In  both 
these  cases  in  the  West,  there  remains  merely  the  lower  beds  of  onoe  thick 
formations.  No  doubt  the  decay  began  when  the  last  eroded  granite  surface 
was  fixed  by  submergence;  but  oue  can  neither  deny  nor  affirm  that  most  of 
the  dec^y  has  been  accomplisbed  during  the  erosion—in  fact  during  the  last 
stages  of  the  erosion  of  the  covering  rocks;  in  comparatively  recent  times; 
perhaps  pre-glacial;  perhaps  post-glacial  times. 

Dr.  Uunt  himself  furnishes  a  convincing  proof  of  the  recent  date  of  all  such 
cises  of  dec jy,  by  describing  his  own  and  Joseph  LeConte's  ot>servations  of 
the  deciy  of  the  feldspatiiic  pebbles  in  the  upper  (but  not  in  the  lower)  lay- 
ers of  the  California  **  blue  gravel;"  and  by  giving  a  chemical  explanation, 
which  exactly  suits  the  other  cases  above  mentioned.  Nothing  can  be  plainer 
than  that  exposed  surfaces  are  not  kaoUnized  to  any  great  extent.    They  must 


Lesle]/.]     DELAWARE  AND  CUESTER  KAOLIN  BEDS.  581 

In  view  of  all  that  has  been  said  above,  the  possible  im- 
portance of  the  little  limestone  outcrop  at  the  National 
Kaolin  Works,  described  bj^  Mr.  Ashburner  in  his  report, 
becomes  manifest. 

In  Chester  county,  lines  of  sink  holes  show  underground 

be  oovered  by  later  deposits  berore  tlte  agencies  of  deoay  can  operate  energet- 
ically. 

Tlie  confusion  of  ideas  comes,  as  usual,  from  regarding  tlie  present  surface 
of  the  country'  as  no  otiier  than  the  past  surface.  Dr.  Hunt  takes  for  granted 
(and  so  describes  it)  that  the  decay  of  rocl&s  at  the  surface  has  been  an  an- 
cient event,  not  only  pre-^lacial,  but  very  much  older.  But  that  is  impossi- 
ble, simpiy  because  the  surface  level  of  our  limestone  valleys  (to  s^iy  nothing 
of  others)  has  been  gradually  lowered  at  least  1000  fee:  since  the  Connecticut 
Biver  red  sandstone  times.  (See  my  discission  of  this  point  in  the  Proceed- 
ings of  Che  American  Philosophical  Society,  Philadelphia,  1872  ) 

The  level  of  the  limestone  valley  at  the  mouth  of  the  Hoosac  tunnel  must 
have  been  oonhiderably  higher  than  it  is  now,  even  at  the  time  of  the  great 
glacier. 

I  repeat  my  belief  in  a  general  formula  that  kaolinization  of  the  feldspathic 
gneiss-outcrops  at  the  present  surface  cannot  have  been  an  ancient  event,  but 
a  comparatively  recent  event,  because  the  present  outcrop-surface  is  itself  a 
recent  phenomenon.  There  has  been  a  dififerent  outcrop-surface  at  every 
stage  of  every  geological  age.  General  erosion  has  always  been  lo\^ering  all 
parts  of  the  earth's  surface  towards  the  level  of  the  sea.  The  special  erosion 
effected  by  ice  during  the  glacial  age  was  but  a  fraction  of  the  total  erosion 
effected  Bince  the  emergence  of  the  coal. 

Kaolinization  of  feldspathic  strata  is  of  course  a  perpetual  chemical  opera- 
tion; but  since  it  can  only  take  effect  along  certain  belts  occupied  by  strata 
constitutionally  disposed  to  be  so  acted  on  chemioAlly,  while  secular  erosion 
has  operated  mechanically  on  all  kinds  of  rooks,  and  on  the  surface  of  alj 
regions  nearly  to  the  same  degree,  it  follows  that  kaolinized  outcrops,  perpet- 
ually renewed,  have  been  perpetually  removed;  and  what  kaolin  patches 
now  exist  can  not  be  merely  the  e  caped  part  of  a  once  univen^al  covering  of 
the  earth*s  surface ;  but  they  must  represent  an  infinite  backward  series  of 
similar  patches,  similarly  produced,  and  similarly  preserved  for  a  longer  or 
shorter  time,  each  in  its  turn  removed  by  erosion,  and  replaced  by  another  at 
a  lower  level,  on  the  lowered  surface  of  the  earth. 

But  when  we  apply  such  a  general  formula  to  special  outcrops  of  upturned 
feldspathic  rocks,  it  must  be  modified  to  suit  the  conditions  of  the  case.  The 
proce  s  of  decay  goes  on,  keeping  step  with  the  process  of  erosion.  As  the 
surface  of  the  district  lowers  toward  sea  level,  the  depth  to  which  the  chemi- 
cal changes  penetrate  lowers  also  and  proportionally.  The  already  decayed 
upper  part  continues  always  to  act  as  an  efficient  covering  agency  to  the  lower 
part,  collecting,  retaining,  and  transmitting  slowly  downwards  the  re-agents, 
which  produce  the  effect  of  decay  as  far  down  as  the  lowest  general  drainage 
plane  of  the  neighborhood. 

In  such  special  caser,  then,  the  phenomenon  of  demoralized  rock  is  either 
ancient  or  modern  according  to  the  way  it  is  looked  at ;  but  the  demoralized 
roek  itself,  as  we  now  see  it,  is  a  recent  formation. 
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ranges  of  dissolving  limestone;  the  prolongation  of  the  line 
of  gink  holes  brings  the  observer  to  limestone  qnarries  at 
the  surface.     (See  Report  C*,  page  318.) 

But  sink  holes  are  not  known  in  Delaware  countv,  and 
therefore  we  must  remain  content  with  the  explanation 
that  the  decay  of  the  rocks,  which  has  produced  the  kaolin, 
has  depended  on  the  natural  drainage  downwards  along  the 
bed-planes  and  cleavage-planes,  beneath  a  long  since  re- 
moved covering  of  sedimentary  strata.  That  it  extended 
further  along  the  strike  lines  formerly  than  it  does  now  is 
an  inference  from  the  f«ct  that  when  the  covering  formation 
was  removed,  erosion  of  the  azoic  rocks  began  again,  and 
that  erosion  w^ould  slowly  remove  the  kaolinized  surface 
along  the  belts  of  previous  kaolinization,  leaving  patches 
more  favorably  situated  for  escaping  the  effects  of  erosion. 

It  is  evident  also  that  the  depth  to  which  the  change  of 
feldspar  into  kaolin  has  gone  in  any  locality  must  bear  a 
fixed  relation  (1)  to  the  facilities  afforded  for  underground 
drainage  by  bed-planes,  cleavage-planes,  faults,  porosity  of 
rock,  etc.,  and  (2)  to  some  drainage-level  established  by  the 
topography  of  the  district :  the  level  of  springs,  the  level 
of  river  channels,  the  bottom  limit  of  cavern  systems,  &c.* 
No  doubt  the  waters  find  their  way  to  various  moderate 
depths  beneath  the  drainage-jjlane,  partly  along  the  bed 
planes  and  cleavage-planes,  and  partly  by  capillary  move- 
ment through  the  solid  strata;  but  it  is  necessary,  for 
chemical  change,  that  the  water  should  not  be  stagnant, 
but  in  perpetual  motion ;  therefore,  almost  the  whole  change 
must  take  place  above  the  plane  of  drainage. 

I  see  no  good  reason  for  doubting  that  the  depth  of  the 
kaolin  clays  of  Birmingham  township,  in  Delaware  county, 
could  be  approximately  calculated  by  reference  to  the  levels 
of  the  Brandy  wine  river  as  a  limit  of  issue  for  the  under- 
ground drainage.  Brandywine  Summit  railroad  station! 
grade  is  quoted  at  273  feet  above  tide,  and  Chadd's  Ford 
station  on  the  Brandywine,  at  129  feet  above  tide,  on  the 
table  of  the  Phila.  &  B.  C.  R.  R.  (Report  N,  page  158.)  In 

*I  have  treated  this  subject  in  my  description  of  the  Daoktown  copper 
mines,  and  in  various  reports  of  the  Survey. 
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the  table  of  the  Wilmington  &  Reading  R.  R.,  Chadd's 
Ford  station  is  quoted  at  175  feet,  and  Smith's  Bridge  sta- 
tion at  209  feet  above  tide.  (Report  N,  page  47.)  The 
level  of  the  bed  of  the  Brandywine  at  Smith's  bridge,  or  at 
the  mouth  of  Beaver  creek,  I  do  not  know ;  but  it  must 
be  something  like  100  feet  above  tide.  The  difference  be- 
tween 273  feet  and  100  feet,  173  feet,  will  serve  as  an  index 
to  the  depth  of  the  underground  drainage  plane  of  the 
kaolin  works. 

The  rate  at  which  the  change  of  feldspar  into  kaolin  goes 
on  is  wholly  unknown,  therefore  we  have  no  reliable  data 
for  estimating  the  age  of  the  kaolin  of  Beaver  creek.  The 
process  is  still  going  on,  but  at  what  rate  we  know  not,  nor 
whether  it  equals  the  rate  of  waste  by  erosion.  We  do  not 
know  when  the  process  commenced,  whether  since  or  be- 
fore the  glacial  age  ;  whether  in  Tertiary  times,  or  as  long 
ago  as  the  beginning  of  the  Cretaceous  age.  There  seems  to 
be  no  way  of  getting  a  special  local  answer  to  this  question. 

But  this  we  know,  that  there  must  have  been  an  exten- 
sive kaolinization  of  some,  at  least,  of  the  Azoic  rocks  pre- 
vious to  the  Cretaceous  deposits  ;  for  the  lowest  and  earliest 
of  these  deposits  are  the  clay-beds  of  New  Jersey,  Dela- 
ware, Maryland,  and  Virginia,  described  so  thoroughly  by 
Professor  Cook  ;  the  pottery  clay-beds  of  Amboy  and  Tren- 
ton. When,  they  were  deposited  the  waves  of  the  Atlantic 
sea  coast  broke  against  the  hill  sides  at  Trenton,  Philadel- 
phia, Chester,  Wilmington,  Baltimore,  and  Washington. 
Tidal  currents  distributed  the  clays  which  every  stream  was 
at  that  time  bringing  down  from  the  Azoic  country  recently 
laid  bare  by  the  removal  of  the  Palaeozoic  formations  in 
Mesozoic  times.  This  may  be  accepted  as  the  best  general 
explanation  of  the  "Wealden  deposit"  which  we  have  at 
our  command.  But  why  was  it  so  temporary  an  operation  1 
And  why  was  its  beginning  and  ending  so  precisely  de- 
fined ?  That  is  not  so  easy  to  explain  ;  nor  do  we  know  how 
extensive  the  seaboard  surface  was  which  furnished  this 
surface  feldspathic  clay  ;  nor  why  it  was  eroded  at  one  time, 
deposited  on  soundings,  and  then  covered  up  by  the  Appa- 
lachian river  sands. 
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The  white  clav  walls  of  the  railroad  cuts  at  Grev's 
Ferry,  plainly  exhibit  the  process  of  kaolinizing  the  Phila- 
delphia feldspar  rocks.  The  edge  of  the  Wealden  clay  beds 
is  probably  concealed  beneath  the  Delaware  river  for  a  long 
distance  above  and  below  Philadelphia.  The  Grey's  Ferry 
clavs  stand  as  a  memorial  relic  of  the  materials  out  of 
which  they  were  made.  The  erosion  of  the  river  has  spared 
them  ;  and  it  may  be  that  their  escape  from  erosion,  as  well 
as  their  conversion  from  rock  to  clay,  is  ascribable  to  a  cov- 
ering of  Delaware  river  higher  gravels,  some  of  which  re- 
main on  the  terraces. 

Now,  if  a  previously  kaolinized  surface  of  the  Azoic  belt 
was  cleaned  off  to  make  the  Wealden  clav,  then  we  must 
conclude  either  that  the  present  local  kaolin  outcrops  were 
spared  at  that  time,  or  else  they  have  been  slowly  repro- 
duced since  that  time.  Has  it  then  required  the  whole 
Cretaceous  and  Tertiary  ages  to  kaolinize  the  feldspathic 
rock-ontcrops  locally  to  their  present  dei)th  ? 

This  brings  forward  the  inquiry,  Why  has  the  kaoliniza- 
tion  of  continuous  outcrops  been  local  ? 

It  is  possible  that  the  question  arises  from  a  mistake  ;  is 
based,  in  fact,  on  the  practical  demands  of  the  pottery  and 
porcelain  markets  rather  than  on  geological  fact.  Good  ka- 
olin clay  is  only  to  be  found  at  a  few  places,  and  it  seems 
to  be  an  exceptional  product  of  nature  ;  but,  in  a  geologi- 
cal sense,  the  best  kaolin  is  only  one  variety,  precious  for 
its  color  and  consistency,  in  a  range  of  clays  which  repre- 
sent every  grade  of  kaolinization  of  every  kind  of  feldspathic 
rock.  Most  varieties  of  kaolin  clays  would  be  rejected  by 
the  manufacturer,  but  they  cannot  be  ignored  by  the  pros- 
pector. They  are  extremely  abundant  and  form  the  sub- 
soil of  entire  districts.  There  is  no  question  respecting 
their  local  occurrence.  Wherever  feldspathic  rocks  crop 
out  above  water  level  they  are  seen  to  be  more  or  less  kao- 
linized, and  to  a  greater  or  less  depth  according  to  their 
constitutional  proclivity  to  decay,  and  according  to  a 
thousand  accidental  local  circumstances  of  drainage.  Every 
kind  of  feldspar  rock  passes  into  its  own  kind  of  clay,  and 
every  locality  exhibits  its  own  structural  peculiarities.   The 
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majority  of  Azoic  strala  are  kaolinized  to  a  depth  of  only 
a  few  inches  or  feet  from  tlie  surface ;  but  single  beds  or 
groups  of  beds  are  decayed  to  the  extreme  depth  of  the  un- 
derground drainage-plane,  but  only  along  their  outcrop 
strike-lines.  Therefore  it  becomes  of  the  greatest  import- 
ance to  the  kaolin  industry  that  the  order,  super-position, 
dip,  and  strike  of  each  and  all  of  the  members  of  the  Azoic 
system  should  be  carefully  worked  out.  But  it  cannot  be 
concealed  that  this  is  a  tedious  and  expensive  kind  of 
work. 

There  is  still  another  general  consideration  affecting  in  a 
practical  manner  our  knowledge  of  the  kaolin  deposits, 
and  having  a  special  application  to  both  their  quantity  and 
their  quality. 

The  chemical  constitution  of  the  various  grades  of  kaolin 
has  been  abundantly  studied  and  published  ;  but  less  is 
said  about  the  amazingly  numerous  and  complicated  and 
very  little  understood  composition  of  the  feldspars  in  the 
rock  out  of  which  the  kaolins  have  been  produced.  It  is 
a  mysterious  part  of  mineralogy ;  and  it  hangs  a  sort  of 
twilight  gloom  over  the  geology  of  the  Azoic  rocks. 

Mineralogists  classify  under  four  heads  the  numerous 
varieties  of  feldspar ;  but  the  classification  is  one  of  conve- 
nience only.  Innumerable  analyses  of  orthoclase,  albite, 
oUgoclase^  and  labradorite  have  been  made  and  published 
with  no  other  result  than  to  show  that  the  feldspar-con- 
stituent of  any  granitoid,  gneissoid,  or  sedimentary  rock,  is 
always  some  uncertain  and  inconstant  combination  of  silica 
with  alumina^  potash^  soda^  lime^  magnesia^  iron^  baryta 
and  other  bases,  not  subject  to  any  invariable  law  of  number 
and  form  as  yet  discovered.* 

Probably  no  absolutely  normal  or  typical  crystal  of  or- 
thoclase^  albite^  oligoclase^  or  labradorite  has  ever  been 
seen.  The  terms  are  ideal.  Certainly  no  feldspar  rock  can 
be  placed  without  hesitation  under  any  one  of  these  four 
heads.  It  can  only  be  said  that  such  and  such  a  chemical 
description  approaches  more  or  less  nearly  to  such  and  such 

*Dr.  Hunt's  law  of  relative  gravity  or  degree  of  condensation  affords  a  basis 
for  a  genuine  dassitication. 
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an  ideal  feldspar  combination,  or  in  otlier  words  falls  more 
or  less  conveniently  under  such  and  such  a  feldspar 
heading. 

Certain  practical  distinctions  are  sufficiently  apparent, 
but  these  can  only  be  regarded  as  cases  of  a  wider  departure 
from  some  empirical  classification,  rather  than  as  ordinances 
of  nature.  Feldspars  which  contain  more  potash  than 
others  do  may  be  conveniently  grouped  under  the  name 
orthose  or  orlhoclase  (square-splitting)  feldspars  ;  those 
that  contain  soda  in  place  of  potash  fall  under  the  name 
alb  He  (white)  feldspar  ;  those  in  which  more  soda  and 
lime  than  potash  are  present,  and  more  soda  than  lime,  may 
be  called  oligoclase  (less  easily  splitting  or  brittle)  feldspar, 
while  all  specimens  of  the  oligoclase  group  which  show 
more  lime  than  soda  may  conveniently  receive  the  geo- 
graphical name  of  labradorUe^  because  of  the  abundance 
of  such  feldspars  in  eastern  Canada. 

But  any  extensive  table  of  analyses  will  show  what  little 
scientific  value  such  a  classification  can  claim.  Delesse,  for 
example,  published  an  analysis  of  an  albiie  from  the  Vos- 
ges  with  12.76  potash,  4.61  magnesia,  and  no  soda  at  all. 
On  the  otlier  hand,  Sheerer  published  an  analysis  of  ortho- 
clase  showing  8.50  soda,  4.78  lime,  and  only  1.29  potash. 
Whatever  were  the  physical  properties  of  these  two  feld- 
spars, their  chemical  constitution  demanded  that  the  albite 
specimen  should  have  been  labeled  orthoclase^  and  the  ortho- 
clase  specimen  albite. 

But  the  physical  aspect  of  a  feldsjjar  is  no  less  uncertain 
a  guide  to  its  classification  than  its  chemical  analysis. 
Our  hif^hest  authority  in  mineralogy  asserts  that  albite  and 
oligoclase  cannot  be  distinguished  from  one  another  by  ex- 
ternal appearance,  (Genth,  Report  B,  page  91.)  The  diffi- 
culty which  field  mineralogists  find  in  naming  the  feldspar 
constituent  of  outcropping  rocks  springs  from  the  variability 
of  the  elements  of  composition  common  to  them  all.  A 
good  example  is  afforded  by  Dr.  Genth's  analysis  of  the 
Vanarsdale  quarry  opalescent  "labradorite"  (Report  B, 
page  89)  given  in  Report  B^,  page  225  ;  chemically  the  min- 
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eral  is  ''nearly"  an  orthoclase  ;  and  yet  it  has  the  charac- 
teristic striation  of  a  triclinic  feldspar.* 

To  judge  by  the  analysis  of  porcelain  clays,  it  would 
seem  at  first  si^ht  that  they  came  from  the  decomposition 
of  the  potash  (ortlioclase)  group,  and  a  high  authority,  M. 
Regnault,  takes  that  view.f 

A  large  number  of  analyses  of  such  clays  have  been  pub- 
lished, most  of  which  show  a  larger  quantity  of  residual 
potash  than  of  residual  soda,  lime,  or  magnesia.  For  in- 
stance, the  following  analysis  of  one  of  the  Hockessin 
clays,  Newcastle  county,  Del.,  shows  1.64  potash  and  only 
0.27  of  soda,  0.39  of  magnesia,  and  no  lime.:}: 

Trucks  &  Parker  washed  kaolin. 

Silioa,  oombinei, 40.72  ^ 

Alumina, 34. 10  >  87.15 

Water,  combined, 12.83' 

Silica  in  the  form  ot  grains, 6. 50 

Potash, 1.64^ 

Soda, 0.27  i  _ 

Magnesia, 0.39?    **'" 

Sesqaioxide  of  iron, 2. 49  J 

Water  driven  off  by  heating, 1. 35 

Total, 99.79 


An  analysis  of  a  Lancaster  county  clay,  given  in  Report 
B,  page  119,  shows  2.2  potash,  0.7  magnesia,  0.1  lime,  and 
a  mere  trace  of  soda. 

*For  Szabo*8  test  of  feldspars  by  coloration  of  flame  and  fusibility,  see 
Proceedings  of  American  A8aociation>  1882. 

t  Regnault,  in  his  Ck>urs  Eleraentaire,  II,  page  278,  says  that  kaolin  masses 
olten  hold  small  fragments  of  unaltered  feldspar,  easily  separated  in  the  wash- 
ing process.  He  regards  all  kaolin  as  essentially  a  decomposition  of  common 
potash  feldspar  (orthose,)  although  a  part  of  the  potash  is  often  replaced  by 
lime  or  magnesia.  Pure  kaolin  is  nothing  but  a  hydrated  silicate  of  alumina* 
Whatever  potash,  soda,  lime,  magnesia,  or  iron  it  may  contain  are  constitu" 
ents  which  wonld^have  disappeared  had  the  kaolinizing  process  been  carried 
quite  to  perfection;  which,  of  course,  it  never  can  be  in  nature.  Pure  (or  fat) 
clay  is  eminently  plastic,  imbibing  water  perfectly.  The  more  foreign  con- 
stituents it  contains  the  less  plastic  it  is.  With  much  carbonate  of  lime  it  be- 
comes marl.  Absolutely  pure  clay  cannot  be  melted  in  the  hottest  furnaces ; 
it  remains  invisible  when  mixed  with  sand ;  hence  its  fire-brick  quality.  But 
when  it  contains  iron  or  lime  it  can  be  melted  into  glass. 

X  From  Williams'  Mineral  Resources  of  the  United  States,  1883,  page  472. 
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Another,  from  Chester  county,  shows  0.77  potash,  0.04 
lime,  and  mere  traces  of  ma^i^nesia  and  soda. 

Analyses  of  kaolin  from  Chestnut  Hill,  Lancaster  county, 
and  from  East  Nottingham,  Chester  county,  by  Dr.  F.  A.. 
Genth  are  as  follows  : 


M^  46.34  > 

).l[     83.1        36  82[  96.41 

>.9'  13.76) 


Kcu>lins,  Chestnut  Sill.    E.  Nottingham, 

Silica, 67.1^  46.34 

Aluiniaa, 20. 

Water, 5, 

Qaartz, l.IO 

Orthoolase  feldspar, 1.04 

Potash, 2.0  0.77 

Lime 0.1  0.04 

Mafoiesia, 0.7  trace 

Hoda, trace  trace 

Ferric  oxide, 3.9  0.64 

Totals, 100.0  100.00 


In  the  case  of  the  East  Nottingham  clay,  there  seems  to 
be  positive  proof  of  the  fact  that  it  was  made  from  potash 
(orthoclase)  feldspar  rock,  since  Dr.  Genth  found  in  it  not 
only  1.10  per  cent,  of  quartz,  but  1.04  per  cent,  of  ort/to. 
clase  potash  undecomposed. 

Two  analyses  of  the  clay  mined  by  the  National  Kaolin 
and  Fire  Brick  Works,  made  by  D.  J.  Blodget  Brit  ton, 
have  been  furnished  me  by  Mr.  H.  A.  Johns,  who  says 
(November  1,  1883,)  that  they  were  the  only  ones  that  the 
company  had  had  made;  that  they  were  several  years  old 
(March  30  and  April  29,  1874);  and  that  they  were  made 
for  the  special  purpose  of  learning  why  at  that  date  "the 
clay  was  not  up  to  the  usual  quality."  The  analyses,  how- 
ever, taught  nothing  in  this  respect,  "  for  they  only  differed 
from  an  earlier  analysis  in  the  greater  quantity  of  silica 
and  less  quantity  of  alumina.  The  clay  usually  runs  about 
25  to  3o  per  cent,  alumina,  with  a  corresponding  decrease 
in  silica." 
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Johns*  Jcaolin, 

White  eiay,  Ytllow  clay. 

Silica, 7L02  67.71 

Allumlna, 19.72  20.58 

Water  and  organic  matter, 7. 04  7. 78 

Peroxide  of  Iron, 1.58  8.12 

Lime, 82  .89 

Magnesia, 08  .04 

Sxiaand  potash 27  .29 

Undetermined  m  itter  and  los9, 04  .14 

Total, 100.00  100.00 


III  these  analyses  the  potash  and  soda  too^ether  are  less 
than  the  lime,  but  greater  than  the  magnesia.  The  almost 
complete  disappearance  of  the  alkalies  from  the  rock- ma- 
terial in  the  process  of  decay  is  here  plainly  exhibited. 

Dr.  Hunt,  in  his  ''Chemistry  of  Mineral  Waters,"  page 
101,  likewise  gives  the  first  place  in  the  production  of 
kaolin  to  the  potash  (orthoclase)  feldspars;  but  he  adds: 
"It  is  to  be  noticed  that  under  ordinary  atmospheric  con- 
ditions orthoclase  appears  less  liable  to  change  than  the 
lime-soda  feldspars,  such  as  albite,  oligoclase,  and  labra- 
dorite.  Weathered  surfaces  of  these  become  covered  with 
a  thin,  soft,  white,  and  opaque  crust,  from  decomposition ; 
while  the  surfaces  of  orthoclase  under  similar  conditions 
still  preserve  their  hardness  and  transparency."* 

It  seems  pretty  certain  that  kaolin  deposits  should,  be 
looked  for  along  geographical  belts  of  orthoclase  feldspar 
strata  ;  and  such  belts  are  prominent  in  Delaware  county. 
The  mineral  sometimes  is  remarkably  well  developed. 
Huge  crystals  of  orthoclase,  weighing  100  pounds,  are 
sometimes  found,  as  at  Sharpie's  and  Shoemaker's  quar- 
ries, in  Providence  township,  and  elsewhere.  (See  Dr. 
Genth's  Report  B,  1875,  page  93.)  Wherever  this  species 
of  feldspar  is  the  principal  ingredient  of  the  rocks,  and  at 
the  same  time  the  surface  is  a  porous  covering  of  consider- 
able thickness,   with  a  thick  surface  soil  to  furnish  an 

*  AU  this  part  of  his  essay  Is  very  interesting  and  instructive,  but  leaves  tlie 
praotlojil  question  of  the  origin  of  our  Icaolln  deposits,  as  suoh,  still  unex- 
plained. 
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abundance  of  hamic  and  other  vegetable  acids,  there  the 
creation  of  de^j  deposits  of  various  grades  of  kaolin  clays 
has  probably  taken  place. 

But,  on  the  other  hand,  a  rock  wholly  composed  of  feld- 
spar does  not  submit  itself  readily  to  the  process  of  change ; 
and  this  may  be  tlie  true  explanation  of  the  different  de- 
grees of  decomposition  of  feldspar  surfaces  alluded  to  by 
Dr.  Hunt.*  The  absence  of  clay  along  the  Elam  feldspar 
belt  (above)  is  a  noteworthy  case  in  point. 

It  seems  necessary,  therefore,  that  there  should  be  dis- 
seminated through  the  feldspar-rock  small  isolated  crys- 
tals of  free  silica,  or  grains  and  lumps  of  quartz. f  This  con- 
stitution of  the  rock  facilitates  the  passage  of  the  decom- 
posing waters ;  and  the  process  of  kaolinization  taking  place 
first  around  the  surfaces  of  the  grains  and  lumps,  loosens 
the  whole  mass,  and  makes  it  more  and  more  permeable, 
so  that  the  process  of  change  goes  on  with  accelerated 
speed. 

Meanwhile,  by  the  removal  of  the  dissolved  ingredients, 
the  original  bulk  of  the  strata  shrinks  and  collapses  upon 
itself,  settling,  and  crimpling,  and  leaving  hollows  or  vales 
in  the  geography  of  the  district,  which  are  taken  perman- 
ent possession  of  by  the  rain  fall,  and  thus  a  river  system 
is  established.  The  depressions  will  then  mainly  follow 
the  outcrops  of  the  most  favorable  strata,  and  the  water- 
ways thus  produced  increase  the  supply  of  soakage. 

*0n  page  99  of  "Chemioai  EasiyB,-*  Dr.  Haut,  after  rererring  to  the  weU 
known  fact  that  *Mn  the  tranaformation  of  a  feldspar  into  a  kaolin,  the  double 
silicate  of  alumina  and  alkali  takes  up  a  portion  of  water  and  is  resolved  into 
the  hydrous  silicate  of  alumina,  while  the  allcali,  together  with  a  definite  por- 
tion of  siJica,  is  separated  In  a  soluble  state/'  confessing  tliat  '*  the  prelimluary 
conditions  still  require  investigation,"  adds,  **it  is  known  that,  while  some 
feldspathio  rocks  appear  alm'St  unalterable,  others  containing  the  same 
species  of  feldspar  are  found  converted  to  a  depth  of  many  feet  from  the  sur- 
face into  kaolin,'*  and  quotes  Fou met  as  observing  that  the  change  **  is  always 
preceded  by  a  mechanical  change  of  the  feldspar,  which  first  becomes  opaque 
and  friable,  and  is  thus  rendered  permeable  to  water.  He  (Fournet)  con- 
ceives this  alteration  to  be  molecular,  and  to  be  connected  with  the  passage  of 
the  silicate  into  a  dimorphous  or  allotropic  condition."  It  is  easy  to  see  how 
the  dissemination  of  free  silicic  grains  through  the  mass  must  faci.itate  the 
process. 

t  In  Trucks  A  Parker's  clay  (above)  about  ^  of  the  material  consists  of 
sUica,  in  the  form  of  grains  of  sand. 
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Pure  water  is  not  an  agent  of  chemical  change  to  any  ex- 
tent comparable  with  waters  charged  with  the  acids  derived 
from  the  air  and  the  soil  (ammoniacal,  humic,  sulphuric, 
&c.)  and  acids  derived  from  superficial  sand  and  gravel  de- 
posits of  recent  date.  The  depressions  along  the  outcrops 
favor  the  accumulation  of  vegetation,  receive  its  products 
from  all  sides,  and  thereby  supply  re-agents  for  kaolinizing 
the  rocks. 

For  an  excellent  statement  of  this  subject,  I  refer  the 
reader  to  Prof.  T.  C.  Chamberlin's  chapter  on  the  ore-bearing 
clays  in  the  last  Report  on  the  Geology  of  Wisconsin,  Vol. 
IV,  page  539. 
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Report  on  the  Brandywine  Summit  Kaolin-bed^ 

Delaware  county. 


By  Charlbs  a.  Abhburnbr. 


The  Brandywine  Summit  Kaolin-bed,  situated  in  Bir- 
mingham township,  Delaware  county,  from  one  mile  to  one 
mile  and  a  half  south-west  of  Brandywine  Summit  station 
on  the  Baltimore  Central  Railroad,  has  been  worked  for 
many  years. 

The  oldest  and  most  extensive  workings  are  on  the  prop- 
erty of  the  National  Kaolin  Works,  now  owned  and  oper- 
ated by  H.  A.  Johns  &  Company.  These  are  situated  near 
the  head-waters  of  the  west  branch  of  Beaver  creek. 

North-west  of  the  National  Kaolin  pit  the  same  bed  has 
been  more  recently  worked  by  the  Brandywine  Summit 
Kaolin  Works,  the  property  of  the  John  Griffin  estate,  of 
which  Mr.  W.  S.  Manley  is  manager.  On  the  latter  prop- 
erty clay  has  been  taken  from  three  pits  which  have  been 
opened  along  the  bed.  The  north-eastern  pit,  (No.  2,)  im- 
mediately south  of  Golding's  old  clay  mill,  is  the  nearest 
development  of  the  bed  to  Brandywine  Summit  station,  the 
distance  being  one  mile.  Pit  No.  1,  in  w^hich  the  most  ex- 
tensive diggings  have  been  made  on  the  Griffin  farm,  is 
situated  700  feet  south-west  of  Pit  No.  2.  Pit  No.  a  s 
on  the  same  range  and  about  400  feet  south-west  of  Pit  No. 
1.  Pits  Nos.  2  and  3  have  not  been  worked  for  several 
years,  since  the  clay  which  was  obtained  from  No.  3  is  re- 
ported not  to  have  been  as  good  as  the  clay  which  has  been 
dug  from  Pit  No.  1 ;  the  clay  taken  from  Pit  No.  2  was  of 
a  better  grade  than  a  great  deal  of  the  clay  from  Pit  No.  1, 
but  the  proportion  of  clay  to  the  amount  of  material  re- 
moved was  not  as  great  as  at  No.  1. 
38  (593) 
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The  relative  position  of  the  Brandy  wine  pits  to  the  rnil- 
road  station  and  otlier  localities  is  shown  on  the  accom- 
panying plate,  (page  592,)  and  on  the  general  map  of  the  kao- 
lin district  of  Delaware  and  Chester  counties.  The  topog- 
raphy of  the  surface  in  the  vicinity  of  the  clay-jnts  is  shown 
on  the  accompanying  topographical  map  constructed  from 
surveys  by  myself  and  assistant,  Mr.  George  M.  Lehman. 

On  the  Johns  farm  the  clay-bed  has  been  worked  in  but 
one  pit,  the  length  of  which  is  about  850  feet,  and  the  width 
a  little  over  300  feet.  These  measurements  were  made  from 
the  outside  edges  of  the  pit  in  September,  1885,  and  they 
do  not  represent  the  area  out  of  which  the  clay  has  been 
dug,  since  a  large  amount  of  loose  material  has  fallen  in 
around  the  edges  of  the  area  out  of  which  the  clay  has  been 
taken. 

During  the  summer  of  1885  I  made  a  practical  explora- 
tion of  the  clay-bed,  with  a  view  of  ascertaining  its  extent, 
together  with  the  quality  and  quantity  of  commercial  clay 
which  was  contained  in  any  given  portion  of  the  bed.  These 
explorations  were  made  principally  on  the  Griffin  farm,  while 
the  extent  of  the  developments  which  have  been  made  on 
the  Johns  farm  has  been  such  as  to  permit  of  sufficient  facts 
being  obtained  to  deduce  conclusions  as  to  the  above  ques- 
tions, when  considered  in  relation  to  both  properties. 

In  order  to  ascertain  the  depth  of  a  vertical  section  of  the 
bed,  a  shaft  3  feet  wide  and  4  feet  9  inches  long  was  located 
45  feet  south  of  the  then  edge  of  the  Griffin  Pit,  No.  1,  and 
near  what  was  assumed  to  be  the  middle  of  the  bed.  The 
elevation  of  this  shaft  is  263*  feet  above  tide,  and  the  depth 
to  which  it  was  sunk  was  61  feet  8  inches,  work  being 
stopped  at  the  point  where  the  clay  was  entirely  passed 
through  and  where  undecomposed  rock  was  found.  The  fol- 
lowing is  a  section  of  the  bed  in  the  shaft : 

*The  elevation  of  Brandy wiae  Sammlt  station  is  278  feet  atx>ve  tide.  The 
elevation  of  the  north-east  oorner  of  the  Griffen  farm  was  determined  by  a 
number  of  barometric  observations  between  this  point  and  the  R.  R.  station. 
The  elevations  on  the  topographical  map  were  determined  instrumen*ally, 
based  upm  this  barometric  elevation. 
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1.  Soil,  loam,  and  gravel,    . 28' 

2.  Yellow  clay  (Grade  No.  8,  Brandy  wine  8amniit  Ka- 

olin Works,) V 

8.  Clay;  very  poor ;  oontaining  considerable  mica,  sand 
and  refuse  material, 20' 

4.  Yellow  clay,  (Grade  No.  2,) 6' 

5.  Clay ;  very  poor  ;  similar  to  stratam  No.  8, 4 

6.  Loose  siliceous  feldspar,  sandstone,  mioa-sohist  and 

hard  yellow  clay, 1'      8" 

Total  thickness, 61'      8" 

Prom  a  careful  examination  of  the  above  section  it  was 
judged  that  the  bottom  of  the  kaolin  or  undecomposed 
feldspar  had  been  reached  at  the  foot  of  the  shaft,  but,  in 
order  to  detennine  tliis  fact  more  conclusively,  and  at  the 
same  time  to  locate  the  south-east  limit  of  the  bed  and  to 
ascertain  the  character  of  the  clay  across  the  bed,  several 
gangways  were  driven  from  the  foot  of  the  shaft  in  strata 
Nos.  4  and  5  of  the  above  section.  These  gangways  ex- 
plored the  kaolin  in  all  directions  to  a  distance  of  from  30 
to  50  feet  from  the  bottom  of  the  shaft.  These  under- 
ground workings  as  they  were  abandoned  during  the  third 
week  of  August,  and  the  outlines  of  Pit  No.  1,  when  the 
shaft  was  located,  May  22d,  are  shown  on  the  accompany- 
ing plate  (page  596). 

The  fact  that  the  bottom  of  the  shaft  was  below  the  kao- 
lin, and  that  nothing  but  undecomposed  rock  could  be  ex- 
pected at  a  greater  depth,  was  confirmed  by  the  same  rock, 
forming  stratum  No.  6  of  the  section,  being  found  at  a  num- 
ber of  points  in  the  gangway s  driven  to  the  south  and  south- 
west of  the  shaft ;  the  floor  of  the  gangways  being  formed 
by  undecomposed  rock.  In  places  the  rock  was  picked 
through  several  feet,  in  order  to  ascertain  its  character,  and 
it  was  found  composed  of  loose  siliceous  feldspar,  irregu- 
larly mixed  with  a  ferruginous  sandstone,  and  partly  de- 
composed mica-schist  containing  some  pieces  of  undecom- 
posed feldspar  and  some  pieces  of  hard  yellow  clay  measur- 
ing a  few  inches  through. 

The  southern  limit  of  the  clay-bed  was  passed  through 
by  the  gangway  driven  directly  from  the  shaft,  and  at  a  dis- 
tance from  the  center  of  the  shaft  of  35  feet  6  inches.    This 
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gangway  was  continued  4  feet  further  into  the  top  wall  of 
the  day-bed,  which  was  found  to  consist  of  very  ferru- 
ginous mica-schist  partly  decomposed.  The  conclusion, 
that  this  determined  the  edge  of  the  clay-bed,  was  further 
confirmed  by  a  gangway  driven  for  a  distance  of  43  feet 
north-east  from  the  end  of  the  shaft  gangway ;  the  contact 
plane  between  the  clay-bed  and  the  mica-schist  top  wall 
was  determined  at  a  number  of  points  along  the  south- 
eastern side  of  this  gangway. 

The  bottom  and  the  eastern  limit  of  the  bed  having  been 
thus  determined  from  the  shaft  workings,  the  gangways 
were  only  driven  further  in  order  to  ascertain  some  of  the 
characteristics  of  the  bed  and  the  quality  of  the  kaolin. 
The  three  gangways  driven  north-west,  as  shown  by  the 
page  plate,  were  stopped  at  a  north-east  and  south-west 
line,  passing  through  the  pit  workings  at  a-  point  north- 
west of  which  the  clay-bed  was  completely  exposed  in  the 
west  end  of  the  pit. 

In  order  to  locate  the  north-west  limit  of  the  clay-bed  a 
monkey  drift  was  driven  from  a  desirable  point  in  the  pit 
north-west,  as  indicated  on  the  page  plate.  The  tidal  eleva- 
tion of  the  bottom  of  this  drift  was  242  feet,  or  31  feet  be- 
low the  top  and  41  feet  above  the  bottom  of  the  shaft.  This 
monkey  drift  was  driven  in  clay  similar  to  stratum  No.  2  of 
the  shaft  section  for  a  distance  of  25  feet  from  the  mouth 
of  the  drift.  Kaolin  and  then  undecomi^osed  rock  material 
was  encountered  much  similar  to  that  found  on  the  north- 
west  side  of  the  clay-bed  at  the  four  pits  already  referred 
to — three  on  the  Griffin  farm  and  one  on  the  Johns  farm. 

The  strike  of  the  clay-bed  between  the  shaft  workings 
and  the  north-eastern  end  of  Pit  No.  1  was  readily  ascer- 
tained from  these  facts  to  be  north  46  degrees  east,  and  the 
horizontal  width  of  the  bed  at  right  angles  to  the  strike 
line  104  feet  or  on  an  average  of  about  100  feet.  Another 
monkey  drift  was  driven  from  the  pit  north  47  degrees  east 
for  a  distance  of  50  feet,  starting  at  the  same  level  as  the 
first  monkey  drift  referred  to,  and  8  feet  south-east  of  the 
mouth  of  the  latter  drift.  A  careful  examination  was  made 
in  this  drift  of  the  characteristics  and  quality  of  the  kaolin 
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passed  through  and  also  of  the  kaolin  obtained  in  the  pit 
between  the  monkey  drift  and  the  shaft. 

The  examination  of  the  clay-bed  in  Pit  No.  1,  in  the  shaft 
workings,  and  in  the  two  monkey  drifts,  together  with 
measurements  and  estimates  made  from  point  to  point  of 
the  relative  proportions  of  white  clay,  of  yellow  clay,  of  the 
refuse  material  composed  of  sand,  mica  and  worthless  clay, 
has  permitted  of  careful  estimates  being  made  as  to  the 
amount  and  proportion  of  milling  clay  which  could  be  re- 
moved from  the  bed  in  the  vicinity  of  Pit  No.  1  to  the  total 
amount  of  material  necessary  to  be  removed  in  open  cut 
work,  and  to  the  total  contents  of  the  clay-bed  itself. 
These  estimates  are  given  later. 

Although  the  decomposition  of  the  original  feldspar  bed, 
from  which  the  kaolin  has  been  derived,  varies  along  well 
defined  but  irregular  lines,  and  although  the  constitution 
of  the  decomposed  mass  is  more  kaolin*  at  one  point, 
more  sand  at  another,  and  more  mica  at  a  third  point ;  (the 
kaolin  being  of  varying  color,  from  cream  to  dark  ocher 
yellow)  yet  at  several  points  in  the  shaft  workings  and  in 
the  pit,  where  the  fresh  surface  of  the  clay  was  exposed, 
there  were  clearly  marked  lines  of  stratification,  with  a  dip 
varying  from  about  45  to  60  degrees  toward  the  south-east. 
This  same  dip  was  observed  in  the  material  forming  the  top 
wall  of  the  clay- bed,  in  the  underground  workings,  south- 
east of  the  shaft.  At  several  points  on  the  Johns  farm  a 
similar  south-east  dip  was  observed. 

The  general  strike  of  the  mica-schists,  slates,  quartzites 
and  sandstones  in  the  vicinity  of  the  valley  in  which  the 
kaolin  pits  have  been  sunk  is,  in  a  general  way,  the  same 
as  a  line  connecting  the  three  pits  on  the  Griffin  farm  with 
the  large  pit  on  the  Johns  farm,  so  that  there  remains  no 
doubt  but  that  the  Bmndywine  Summit  kaolin  bed  was 
directly  decomi)08ed  from  a  feldspar  bed  in  silu,  the  feld- 
spar being  intersti'atified  with  the  mica  schists,  slates,  and 
sandstones,  which  have  been  referred  to  as  the  Chestnut 

*The  amount  of  kaolin  obtained  at  any  one  point  depends  primarily  upon 
the  extent  and  character  of  the  original  feldspar  contained  in  special  portions 
of  the  bed  before  dfKX)m  position  took  place. 
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Hill  series  in  the  published  field  notes  (Report  C*)  on  Del- 
aware county.  The  amount  of  kaolin  which  has  been  found 
at  different  points  on  these  farms  and  its  distribution 
through  the  mass  of  the  clay-bed  will  be  referred  to  later. 

As  has  already  been  suggested  by  Professor  Lesley,  I  be- 
lieve that  the  drainage  water,  which  found  its  way  along  the 
cleavage  planes  and  planes  of  stratification  through  the 
feldspar  bed,  has  been  largely  the  cause  of  the  decomposi- 
tion of  the  feldspar  into  kaolin.  As  will  be  observed  from 
the  accompanying  topographical  map,  the  exploring  shaft 
at  Pit  No.  1  is  on  a  divide  between  the  head  waters  of 
Beaver  creek  and  Harvey's  run,  and  if  drainage  water  has 
been  an  active  agent  in  the  decomposition,  it  would  be  nat- 
ural to  infer  that  the  original  feldspar  bed  is  decomposed 
to  a  greater  depth,  both  north-east  and  south-west  of  Pit 
No.  1,  than  at  the  shaft  in  the  vicinity  of  this  pit. 

In  the  western  part  of  the  National  Kaolin  pit  a  shaft 
has  been  sunk  through  white  kaolin  to  a  depth  of  75  feet, 
the  top  of  the  shaft  being  about  30  feet  below  the  original 
surface  of  the  ground  before  the  pit  was  dug.  The  shaft 
was  not  sunk  deeper  on  account  of  its  encountering  a  very 
siliceous  clay,  which  was  not  as  completely  decomposed 
and  which  did  not  contain  as  good  kaolin  as  that  found  in 
the  bed  at  higher  levels.  It  may  be  inferred,  however,  that 
the  bottom  of  the  clay-bed  or  the  decomposed  feldspar, 
similar  to  that  found  at  the  foot  of  I  he  shaft  in  the  vicinity 
of  Pit  No.  1,  on  the  Griflin  farm,  is  probably  at  least  10  or 
15  feet  below  the  bottom  of  the  National  Kaolin  Pit  shaft. 

From  explorations  which  have  been  made  in  the  National 
pit,  Mr.  Johns  believes  that  no  clay  of  sufficient  commer- 
cial purity,  which  would  be  profitable  to  work,  would  be 
found  below  the  level  of  the  bottom  of  this  shaft.  The 
tidal  elevation  of  the  top  of  the  National  Pit  shaft  is  170 
feet,  and  the  distance  between  Pit  No.  1  shaft  and  the  Na- 
tional shaft  is  2645  feet,  in  a  direction  south  45  degrees  46 
minutes  west.  The  elevation  of  the  bottom  of  the  National 
shaft  is  95  feet  above  tide,  and  of  Pit  No.  1  shaft  201  feet 
above  tide,  so  that  the  decomposed  feldspar  is  106  feet  lower 
at  the  former  shaft  than  at  the  latter,  the  bottom  of  the  bed 
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inclining  toward  the  south-west  at  an  average  of  about  4 
feet  in  every  hundred  feet.  Based  on  these  facts,  the  bot- 
tom of  the  clay-bed  along  a  line  separating  the  Griffin  farm 
from  the  Johns  farm  would  be  about  96  feet  below  the  sur- 
face of  the  ground  as  against  62  feet  below  the  surface  at 
Pit  No.  1,  and  75  feet  below  the  bottom  of  the  National  pit. 

This  plane  of  decomposition  unquestionably  inclines  reg- 
ularly, as  suggested  by  Professor  Lesley,  from  the  Griffin 
Pit  No.  1  shaft,  down  Beaver  creek  to  where  it  empties  into 
Brandy  wine  creek,  at  Smith's  Bridge.  The  plane  of  de- 
composition also  probably  slopes  in  the  direction  of  the 
drainage  into  Harvey's  run  ;  possibly  not  at  so  great  a  rate, 
however,  as  it  slopes  down  Beaver  creek. 

The  dip,  the  strike,  the  width,  and  the  depth  of  the 
Brandy  wine  Summit  clay-bed  having  been  determined,  it 
remains  to  define  its  geological  position  in  the  rock  series. 

At  the  eastern  end  of  the  National  pit,  a  ditch  has  been 
constructed  in  order  to  carr}''  off  the  water  from  the  eastern 
end  of  the  pit  around  its  southern  edge  and  into  Beaver 
creek.  This  ditch  has  been  quarried  through  limestone 
strata. 

During  the  first  week  in  August,  1885,  after  a  heavy  rain, 
the  limestone  and  associated  strata  were  laid  bare,  and  I  was 
permitted  to  measure  a  detail  section.  The  dip  of  the  lime- 
stone is  50  degrees,  south  15  degrees  east.  The  strata  are 
evidently  slightly  contorted  at  this  point,  since  the  strike 
of  the  limestone,  which  is  north  75  degrees  east,  was  not 
parallel  to  the  general  strike  of  the  clay-bed,  which  is  north 
40  degrees  east.     The  Johns  farm  section  is  as  follows  : 

Description.  Thickness, 

L  Ferruginous  mioa-aohiats  and  sandstone,  containing 
thin  layers  of  brown  hematite,  tV  ^  ^  ^°^^  thick,  and 
seams  of  yellow  quartzlte.  (These  are  assigned  to 
the  Chestnut  Hill  series  in  Report  C^,)  .  .      .unknown. 

2.  Feldspar,  partially  decomposed  into  Icaolin,  alternating 

with  layers  of  sandstone  and  possibly  limestone. 
This  interval  is  only  partially  exposed,  and  the  indi- 
vidual strata  which  compose  it  could  not  be  differ- 
entiated,        35'    0'' 

3.  Very  ferruginous  sandstone;   contains  thin  seams  of 

feldspar  and  limestone,  the  latter  being  from  |  to  2 
inches  thick, .     4'    0" 
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Description,    {Section  continued,)  Hiiekneaa. 

4.  Crystalline  liineHtonOi       .      .      .  .      1'  9'' 

5.  Ferruginous  siliceous  feldspar,  decomposing  into  looee 

sand  and  kaolin,  the  former  in  excess, 2'  6" 

6.  Crystalline  limestone,                                 0'  8" 

7.  Silioeous  and  feldspathic  limestone,  decomposing  into 

calcareous  and  silioeous  sand, 0'  6" 

8.  Crystalline  limestone, 1'  6" 

9.  Feldspar,            2'  0' 

10.  Highly  crystalline  limestone,     6'  0" 

11.  Ferruginous,  siliceous,  and  micaceous  feldspar,    ...  8'  0" 

12.  Crystalline  limestone,       .                    0'  6'' 

18.  Feldspathic  sandstone ;  decomposes  into  sand,  ....  0'  8'' 

14.  Crystal  ine  limestone,       ...                    0'  7'' 

16.  Feldspar  containing  masses  of  quartzite,     .       ,   .   .  .  6'  0'' 

16.  Micaceous  sandstone,  contcuning  seams  of  brown  hem- 

atite along  the  cleavage  planes  and  planes  of  stratifi- 
cation,                                                        .   .  4'  0" 

17.  Siliceous  feldspar;  decomposes  into  white  kaolin,      .  40'  0" 

18.  Mica-schists  and  quartzite,  partially  decomposed  and 

rotten,  forming  the  floor  of  the  original  feldspar  bed,  unknown. 


Total  thickness, 112'    3 


// 


The  kaolin  which  Mr.  Johnshas  worked  on  the  south  side 
of  his  pit,  nearest  the  mill,  has  resulted  undoubtedly  from 
the  decomposition  of  the  feldspar  bed  stratum.  No.  2,  in 
the  above  section.  At  the  eastern  end  of  the  pit,  the  kao- 
lin resultincr  from  the  decomposition  of  feldspars  Nos.  2 
and  17,  respectively,  has  been  opened  and  worked  on  either 
side  of  the  exposed  rocks  forming  strata  Nos.  3  to  16,  in- 
clusive, of  the  above  section. 

Otn  the  south  side  of  the  National  pita  limestone  stratum 
is  reported  to  have  been  cut  in  a  water-ditch.  I  did  not, 
however,  see  the  exposure  of  this  limestone.  On  Beaver 
creek,  about  600  feet  west  of  Johns'  clay-mill,  a  little  ex- 
posure of  limestone  was  found. 

All  the  strata  represented  by  the  section  have  certainly 
been  decomposed  in  the  bottom  of  the  National  Kaolin  pit, 
since  no  rocks  have  ever  been  found  in  tins  pit  in  situ,  com- 
mercial clay  having  been  dug  from  all  parts  of  the  bed  for 
a  distance  of  123  feet  at  right  angles  to  the  strike  of  the 
bed.  The  disintegmtion  of  the  limestones  in  the  above 
section  by  water,  suggests  the  conclusion  that  lime-water 
was  a  potent  agent  in  hastening  the  decomposition  of  the 
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original  feldspar  into  kaolin,  as  has  already  been  proposed 
by  Professor  Lesley.  The  exceptional  whiteness  of  the 
National  kaolin,  and  its  excessive  toughness,  render  it  prob- 
ably the  best  marketable  kaolin  mined  in  the  United  States. 
These  characteristics  may  be  determined  by  the  lime-water 
coming  from  the  limestones  and  filtering  through  the  orig- 
inal feldspar  aiding  the  decomposition. 

The  above  section,  together  with  the  geological  fads 
previously  presented,  furnish  conclusive  evidence  that  the 
Brandy  wine  Summit  kaolins  have  resulted  from  the  decom- 
position of  feldspar  beds  interstratified  with  the  mica -schists, 
slates,  and  quartzites  which  may  be  found  outcropping  in  a 
number  of  localities  on  either  side  of  the  Beaver  and  Har- 
vev  run  kaolin  belt. 

On  the  Griffin  farm  no  limestone-beds  have  been  discov- 
ered, nor  have  any  of  the  strata  directly  associated  with 
the  kaolin  bed  on  the  Johns  farm  been  exposed.  This,  to- 
gether with  the  fact  that  the  kaolin  of  the  Griffin  farm  is 
more  heavily  charged  with  oxide  of  iron,  rendering  the  clay 
more  yellow  than  the  National  clay,  and  that  the  Griffin 
clay-bed  does  not  seem  to  be  as  wide  or  contain  as  great  a 
proportion  of  commercial  kaolin  within  a  given  area  as  on 
the  Johns  farm,  has  led  to  the  suggestion  frequently  made 
that  the  deposits  on  these  two  farms  are  essentially  different 
and  are  not  directly  connected.  Such  a  conclusion,  how- 
ever, cannot  be  sustained.  The  essential  diflferences  in  the 
clay  on  the  two  farms  are  readily  explained,  not  only  by 
variations  which  must  have  existed  in  the  process  of  decom- 
position of  the  original  feldspar  bed,  but  also  by  variations 
inherent  in  the  original  formation  and  constitution  of  the 
feldspar  itself, 

Undecomposed  feldspar  beds  which  are  found  with  geo- 
logical associations  similar  to  those  of  the  Brandy  wine  kao- 
lin bed,  are  found  to  vary  considerably  in  thickness,  in  their 
mineralogical  characteristics,  and  in  the  foreign  ingredients 
which  they  contain. 

Sufficient  explorations  have  not  been  made  on  the  Griffin 
farm  to  determine  the  exact  geological  horizon  of  the  clay- 
bed  in  the  vicinity  of  Pits  Nos.  1,  2,  and  3.     The  clay-bed 
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worked  in  these  pits,  however,  seems  to  occupy  the  same 
geological  horizon  as  that  in  which  the  limestones,  feld- 
spars, and  kaolins  occur  in  the  eastern  end  of  the  National 
Kaolin  pit.  No  extensive  search  was  made  for  an  outcrop 
of  these  limestone-beds  on  the  Griffin  farm.  Even  if  the 
explorations  had  been  complete  in  themselves  the  lime- 
stones might  not  have  been  found,  since  it  is  quite  possible 
for  them  to  be  decomposed  on  the  Griffin  farm  the  same  as 
they  are  on  the  Johns  farm,  except  at  the  isolated  points 
already  referred  to.  It  would  appear,  however,  from  the 
location  of  these  limestone  outcrops  on  the  Johns  farm  that 
the  kaolin  on  the  Griffin  farm  may  be  represented  by 
stratas  Nos.  2  and  17  of  the  Johns  farm  section  ;  the  former 
stratum  (No.  2)  when  projected  to  the  south-west  from  the 
eastern  end  of  the  National  pit  may  lie  to  the  south  of 
Beaver  creek,  to  the  south-west  of  the  present  National  pit. 
Although  this  may  be  so,  it  would  be  unsafe  to  conclude 
that  a  workable  bed  of  kaolin  can  be  found  south  of  the 
creek  at  this  place. 

From  the  facts  at  present  at  our  command  the  most 
probable  location  of  good  kaolin  is  within  the  limits  of  the 
belt  defined  on  the  topographical  map. 

It  is  not  improbable  that  feldspar  beds  may  be  interstrat- 
ified  with  the  mica-schists,  slates,  and  quartzites  forming 
the  hills  on  either  side  of  the  defined  kaolin-bed,  and  that 
these  feldspars  may  be  decomposed  into  kaolin.  Consider- 
able exploration  has  been  made  for  kaolin  within  the  area 
covered  by  the  topographical  map,  and  outside  of  the  de- 
fined limits  of  the  kaolin-bed,  but  in  every  case  no  well  de- 
fined workable  bed  of  kaolin  has  been  found.  The  topog- 
raphy and  relationships  of  the  kaolin-bed,  at  points  where 
the  Brandywine  working  pits  have  been  opened,  throw 
grave  doubts  upon  the  possibility  of  there  being  found  beds 
of  kaolin  parallel  to  the  beds  now  being  worked,  or  within 
the  limits  of  either  the  Griffin  or  Johns  farms,  outside  of 
the  boundaries  defined  on  the  maj). 

The  amount  of  clay  which  still  remains  in  the  bed  now 
being  worked  on  these  two  farms  is  very  great.  After  the 
completion  of  the  explorations  on  the  Griffin  farm  in  Sep- 
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original  feldspar  into  kaolin,  as  has  already  been  proposed 
by  Professor  Lesley.  The  exceptional  whiteness  of  the 
National  kaolin,  and  its  excessive  toughness,  render  it  prob- 
ably the  best  marketable  kaolin  mined  in  the  United  States. 
These  characteristics  may  be  determined  by  the  lime-water 
coming  from  the  limestones  and  filtering  through  the  orig- 
inal feldspar  aiding  the  decomposition. 

Tlie  above  section,  together  with  the  geological  fads 
previously  presented,  furnish  conclusive  evidence  that  the 
Brandy  wine  Summit  kaolins  have  resulted  from  the  decom- 
position of  feldspar  beds  interstratified  with  the  mica-schists, 
slates,  and  quartzites  which  may  be  found  outcropping  in  a 
number  of  localities  on  either  side  of  the  Beaver  and  Har- 
vey run  kaolin  belt. 

On  the  Griffin  farm  no  limestone-beds  have  been  discov- 
ered, nor  have  any  of  the  strata  directly  associated  with 
the  kaolin  bed  on  the  Johns  farm  been  exposed.  This,  to- 
gether with  the  fact  that  the  kaolin  of  the  Griffin  farm  is 
more  heavily  charged  with  oxide  of  iron,  rendering  the  clay 
more  yellow  than  the  National  clay,  and  that  the  Griffin 
clay-bed  does  not  seem  to  be  as  wide  or  contain  as  great  a 
proportion  of  commercial  kaolin  within  a  given  area  as  on 
the  Johns  farm,  has  led  to  the  suggestion  frequently  made 
that  the  deposits  on  these  two  farms  are  essentially  different 
and  are  not  directly  connected.  Such  a  conclusion,  how- 
ever, cannot  be  sustained.  The  essential  differences  in  the 
clay  on  the  two  farms  are  readily  explained,  not  only  by 
variations  which  must  have  existed  in  the  process  of  decom- 
position of  the  original  feldspar  bed,  but  also  by  variations 
inherent  in  the  original  formation  and  constitution  of  the 
feldspar  itself. 

Undecomposed  feldspar  beds  which  are  found  with  geo- 
logical associations  similar  to  those  of  the  Brandy  wine  kao- 
lin bed,  are  found  to  vary  considerably  in  thickness,  in  their 
mineralogical  characteristics,  and  in  the  foreign  ingredients 
which  they  contain. 

Sufficient  explorations  have  not  been  made  on  the  Griffin 
farm  to  determine  the  exact  geological  horizon  of  the  clay- 
bed  in  the  vicinity  of  Pits  Nos.  1,  2,  and  3.     The  clay-bed 
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worked  in  these  pits,  however,  seems  to  occupy  the  same 
geological  horizon  as  that  in  which  the  limestones,  feld- 
spars, and  kaolins  occur  in  the  eastern  end  of  the  National 
Kaolin  pit.  No  extensive  search  was  made  for  an  outcrop 
of  these  limestone-beds  on  the  Griffin  farm.  Even  if  the 
explorations  had  been  complete  in  themselves  the  lime- 
stones might  not  have  been  found,  since  it  is  quite  possible 
for  them  to  be  decomposed  on  the  Griffin  farm  the  same  as 
they  are  on  the  Johns  farm,  except  at  the  isolated  points 
already  referred  to.  It  would  appear,  however,  from  the 
location  of  these  limestone  outcrops  on  the  Johns  farm  that 
the  kaolin  on  the  Griffin  farm  may  be  represented  by 
stratas  Nos.  2  and  17  of  the  Johns  farm  section  ;  the  former 
stratum  (No.  2)  when  projected  to  the  south-west  from  the 
eastern  end  of  the  National  pit  may  lie  to  the  south  of 
Beaver  creek,  to  the  south-west  of  the  present  National  pit. 
Although  this  may  be  so,  it  would  be  unsafe  to  conclude 
that  a  workable  bed  of  kaolin  can  be  found  south  of  the 
creek  at  this  place. 

From  the  facts  at  present  at  our  command  the  most 
probable  location  of  good  kaolin  is  within  the  limits  of  the 
belt  defined  on  the  topographical  map. 

It  is  not  improbable  that  feldspar  beds  may  be  interstrat- 
ified  with  the  mica-schists,  slates,  and  quartzites  forming 
the  hills  on  either  side  of  the  defined  kaolin-bed,  and  that 
these  feldspars  may  be  decomposed  into  kaolin.  Consider- 
able exploration  has  been  made  for  kaolin  within  the  area 
covered  by  the  topographical  map,  and  outside  of  the  de- 
fined limits  of  the  kaolin-bed,  but  in  every  case  no  well  de- 
fined workable  bed  of  kaolin  has  been  found.  The  topog- 
raphy and  relationships  of  the  kaolin-bed,  at  points  where 
the  Brandywine  working  pits  have  been  opened,  throw 
grave  doubts  upon  the  possibility  of  there  being  found  beds 
of  kaolin  parallel  to  the  beds  now  being  worked,  or  within 
the  limits  of  either  the  Griffin  or  Johns  farms,  outside  of 
the  boundaries  defined  on  the  majj. 

The  amount  of  clay  which  still  remains  in  the  bed  now 
being  worked  on  these  two  farms  is  very  great.  After  the 
completion  of  the  explorations  on  the  Griffin  farm  in  Sep- 
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tember,  1885,  an  estimate  was  made  of  the  amonnt  of  kao- 
lin which  still  remained,  similar  to  that  which  has  already 
been  worked  on  the  Griffin  farm. 

After  the  soil  on  the  top  of  the  clay  is  removed,  it  is 
believed  that  but  one-half  of  the  material  contained  in  the 
clny-bed  can  be  profitably  milled,  and  produce  kaolin  to  be 
used  for  purposes  similar  to  those  for  which  the  washed 
kaolin,  which  has  so  far  been  taken  from  the  Griffin  farm, 
has  been  employed.  Of  the  clay  carried  to  the  mill  but 
one  third,  on  an  average,  is  obtained  from  the  presses  as 
commercial  clay,  the  other  two  thirds  of  the  material  being 
refuse,  principally  composed  of  white  sand.  In  other 
words,  on  an  average  not  more  than  one  sixth  of  the  con- 
tents of  the  clav-bed  can  be  considered  commercial  kaolin. 
It  mav  not  be  even  safe  to  estimate  actual  values  on  this 
basis,  so  that,  in  the  following  estimates,  I  have  made  a  re- 
duction of  10  per  cent.  This  would  certainly  bring  the  es- 
timates within  reasonable  limits  of  safetv. 

The  thickness  of  the  soil  overlying  the  bed  varies  from 
12  to  25  feet.  The  soil  necessary  to  be  removed  from  the 
top  of  the  bed  before  mining  can  be  carried  on  by  open 
work,  consists  of  a  prismoid  on  top  of  the  kaolin  bed, 
and  a  wedge  on  either  side  sufficiently  large  to  prevent 
the  soil  from  falling  into  the  excavation  made  by  the  re- 
moval of  the  clay.  The  tendency  of  both  the  kaolin  and 
soil  above  it  to  slip  is  so  great,  particularly  in  the  vicinity  of 
the  springs  which  are  frequently  met  with  along  the  bed, 
that  it  is  impossible  to  make  any  exact  estimate  of  the 
amount  of  soil  which  must  be  removed,  in  order  to  permit 
of  all  of  the  good  clay  being  obtained  by  open  work.  If  the 
average  depth  of  soil  be  assumed  as  20  feet,  and  the  aver- 
age width  of  the  kaolin-bed  be  taken  as  100  feet,  there  will 
have  to  be  removed  2600  cubic  feet,  or  117  tons,  (2000 
pounds)  of  soil  for  every  running  foot  along  the  bed.  That 
is,  on  the  Griffin  farm  there  will  have  to  be  removed  an  ag- 
gregate of  i  of  a  million  tons  of  soil  in  order  to  lay  bare  the 
surface  of  the  kaolin  bed. 

The  elevation  of  the  ground  at  the  edge  of  the  National 
pit,  near  Mr.  Johns'  office,  is  37  feet  above  the  top  of  the 
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Johns  shaft  already  referred  to,  so  that  the  depth  to  whicli 
the  kaolin  has  been  tested  in  the  Johns  pit  is  112  feet  below 
the  surface  of  the  ground.  The  horizontal  width  of  the  ka- 
olin-bed in  this  pit  is  about  125  feet.  The  average  depth, 
below  the  surface  of  the  ground,  of  the  bottom  of  the  ka- 
olin bed  on  the  Griffin  farm,  south-west  of  pit  No.  1,  is  80 
feet,  and  the  average  depth,  below  the  surface  of  the 
ground,  of  the  bottom  of  the  bed  on  the  same  farm,  north- 
east of  pit  No.  1,  is  65  feet.  Allowing  20  feet  for  the  aver- 
age thickness  of  the  soil,  the  average  thickness  of  the  ka- 
olin-bed in  one  case  would  be  60  feet  and  in  the  other  case 
48  feet.  Assuming  an  average  width  for  the  pic  as  100  feet, 
the  bed  would  contain  746,250  tons  of  material,  of  which 
373,125  tons  might  be  considered  minable  clay.  Allowing 
10  per  cent,  reduction  for  safety,  this  would  make  the 
Griffin  farm  contain  112,000  tons  of  commercial  kaolin,  or 
about  40  tons  for  every  running  foot  of  the  bed.  The 
length  of  the  bed  on  the  Griffin  farm  is  2850  feet. 

The  quality  of  the  clay,  which  we  can  reasonably  expect 
to  obtain  in  the  future,  cannot  vary  considerably  from  the 
quality  of  the  clay  which  has  been  produced  from  the  bed 
up  to  this  time.  The  bulk  (at  a  minimum  estimate  90  per 
cent.)  of  the  kaolin  which  the  Griffin  farm  will  ever  produce 
will  undoubtedly  be  yellow.  This  grade  is  locally  known 
to  the  trade  as  grade  No.  2,  grade  No.  1  being  that  produced 
by  the  Johns  farm. 

No  estimate  has  been  made  of  the  amount  of  kaolin 
which  may  be  obtained  from  the  Johns  farm,  but  when  it 
is  considered  that  the  bed  here  is  wider  and  deeper  than 
elsewhere,  and  the  proportion  of  milling  clay  to  refuse  ma- 
terial is  greater  than  at  other  localities,  it  may  be  safely 
assumed  that  more  than  twice  the  amount  of  kaolin  for 
every  running  foot  along  the  bed  is  contained  on  the 
Johns  farm  than  is  contained  in  the  bed  on  the  Griffin  farm. 
At  the  same  time,  it  is  safe  to  assume  that  the  quality  of 
the  kaolin  which  can  be  obtained  from  the  Johns  farm  in 
the  future  will  be  quite  equal  to  the  grade  that  has  already 
been  mined.  In  fact,  from  a  consideration  of  the  geology 
of  this  deposit,  and  the  relationship  and  position  of  the  bed 
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to  the  topography  of  the  sarface,  it  is  more  than  probable 
that  the  kaolin  which  can  be  worked  from  the  Johns  farm, 
south-west  of  the  present  pit,  will  be  greater  for  every  mn- 
ning  foot  along  the  clay-bed  than  the  amount  so  far  obtained, 
and  that  the  kaolin  may  more  reasonably  be  expected  to  be 
of  a  superior  rather  than  of  an  inferior  quality  to  the  white 
kaolin  which  the  Johns  farm  has  shipped  to  market  in  the 
past. 

No  I'eliable  statistics  are  to  be  commanded  of  the  amount 
of  clay  which  has  been  removed  from  the  National  kaolin 
pit  for  the  past  25  years,  during  which  time  clay  has  been 
mined  on  the  Johns  farm.  In  a  communication  recently 
received  from  Mr.  H.  A.  Johns,  he  reports  that  during  the 
first  year  the  production  of  washed  clay  was  very  small, 
probably  not  over  500  or  600  tons,  1000  tons  being  the  max- 
imum for  any  one  year.  This  was  prior  to  1873,  when  Mr. 
Johns  commenced  operations.  Since  1873  the  production 
of  the  farm  has  increased  somewhat,  and  there  has  proba- 
bly been  sold  to  the  trade,  since  the  pit  was  opened,  about 
20,000  tons  of  washed  clay.  To  obtain  this  amount,  about 
60,000  tons  of  crude  clay  has  been  removed  from  the  pit, 
and  there  has  probably  been  handled  500,000  tons  of  ma- 
terial, including  the  crude  clay  and  all  refuse  material. 

What  now  composes  the  Griffin  farm  is  made  up  of  the 
Isaac  Bullock  farm,  to  the  south-west,  and  the'  Hamilton 
Graham  farm  to  the  north-east.  Although  on  both  of  these 
farms  clay  has  been  dug  independently  from  pits  Nos.  2 
and  3,  prior  to  1880,  when  these  two  farms  were  purchased 
by  Mr.  John  Griffin,  yet  at  the  above  date  practical  mining 
may  be  said  to  have  been  commenced. 

The  capacity  of  the  mill  on  the  Griffin  farm  is  greater 
than  that  on  the  Johns  farm. 

Clay  Mining, 

There  have  been  three  methods  adopted  for  working  the 
Brandy  wine  Summit  clay  bed,  as  follows : 

1.  Open  pits. 

2.  Small  hoisting  shafts  and  gangways. 

3.  Large  open  shafts. 
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1.  The  open  pit  system  was  first  employed,  and  is  even 
now  used  to  a  great  extent.  It  is  a  system  common  to  the 
working  of  all  mineral  deposits  by  open  pits  or  quarries, 
and  consists  in  first  stripping  from  the  surface  of  the  clay- 
bed  all  the  soil,  gravel,  and  other  foreign  material,  and  then 
digging  directly  into  the  clay-bed.  Although  this  system 
has  been  a  profitable  one  and  is  still  used,  there  is  probably 
no  mineral  deposit  where  this  plan  of  working  the  bed  is 
more  hazardous  and  expensive  than  in  a  clay-bed,  such  as 
the  Brandywine  Summit. 

The  amount  of  soil  and  gravel  which  has  to  be  removed 
before  the  surface  of  the  clay-bed  is  exposed  varies  from  10 
to  20  feet.  The  gravel  has  to  be  sloped  for  a  considerable 
distance  back  from  the  edge  of  the  bed  tor prevent  the  over- 
lying material  around  the  edge  of  the  hole  from  caving  in 
and  tilling  up  the  pit.  The  original  feldspar  is  so  completely 
decomposed  into  clay  that  as  soon  as  an  excavation  is  made 
in  the  bed,  a  movement  of  the  whole  mass  starts  and  con- 
tinues until  the  excavation  is  entirely  re-filled.  This  move- 
ment of  the  clay -bed  and  the  overlying  material  is  of  course 
very  much  quickened  by  rain  water,  and  by  the  water  com- 
ing from  springs  beneath  the  surface  of  the  ground. 

In  a  stone  quarry  this  diflSculty  does  not  exist,  owing  to 
the  stability  of  the  rock.  Tn  a  clay-bed,  however,  a  slight 
summer  rain  will  start  the  whole  mass  moving,  and  in  a  few 
hours  a  large  surface  of  exposed  clay  may  be  completely 
covered  by  hundreds  of  tons  of  mud  and  gravel,  which 
has  to  be  removed  before  work  in  the  clay  can  be  again  car- 
ried on.  The  dead  work  which  is  required  before  commer- 
cial clay  can  be  gotten,  by  this  method  of  mining,  and  the 
necessity  of  carrying  a  considerable  stock  of  crude  clay  on 
hand  to  permit  of  the  continuous  running  of  the  mill  and 
of  regular  shipments,  requires  a  large  amount  of  working 
capital,  and  makes  the  mining,  even  under  the  most  favor- 
able circumstances,  risky. 

2.  During  the  past  three  years  the  system  of  mining  by 
small  hoisting  shafts  and  gangways  has  been  extensively 
employed  by  H.  A.  Johns  &  Co.  This  system  consists  in  the 
sinking  of  a  shaft,  about  4  or  5  feet  square,  down  to  the  bot- 
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torn  of  the  clay-bed,  or  to  any  jiart  of  it  from  which  clay  is 
particnlarly  desired.  The  shafts  which  have  been  sunk  in 
the  bottom  of  the  National  Kaolin  pit  have  never  exceeded 
75  feet  in  depth.  The  shafts  are  heavily  timbered  in  sinking, 
and  from  the  bottom  of  the  shaft  gangways  are  driven  in 
all  directions  into  the  clav.  The  movement  of  the  clav  is 
so  continuous,  and  the  pressure  brought  to  bear  upon  any 
obstruction  to  the  movement  to  the  clay  so  continuous, 
that  these  gangways  can  only  be  kept  open  a  few  weeks. 
In  fact,  the  pressure  is  so  great  that  the  heavy  timbers 
placed  in  the  shaft  are  ultimately  broken.  The  movement 
of  the  clay,  however,  is  so  regular,  and  the  gangways  and 
shafts  close  in  so  slowly,  that  with  proper  care  little  risk  is 
experienced  of  the  miners  being  buried  by  the  closing  in  of 
either  gangways  or  shafts.  Doling  the  time  that  the  sys- 
tem has  been  employed  by  Mr.  Johns,  no  fatality  has  re- 
sulted from  this  cause.  As  soon  as  the  gangways  and  shafts 
are  closed  to  such  an  extent  that  working  in  them  can  be 
no  longer  prosecuted,  a  new  shaft  is  sunk  close  by  and  the 
same  plan  of  working  pursued. 

3.  The  third  system  of  mining  has  been  to  sink  a  cylin- 
drical shaft  21  feet  in  diameter  into  the  clay-bed.  This 
shaft  is  lined  with  jneces  of  wood  in  the  same  way  that  an 
ordinary  well  is  lined  with  common  brick.  These  pieces 
of  wood  are  cut  out  of  hemlock  planks  3  inches  thick  and  8 
inches  wide,  the  plank  being  cut  into  strips  3  feet  in  length 
and  the  ends  mitered  so  that  one  side  of  the  planks  are  3 
feet  and  the  other  side  are  2  feet  10  inches.  The  planks 
are  cut  in  this  way  in  order  to  permit  of  tight  joints  when 
placed  inside  the  shaft. 

Starting  from  the  top,  the  shaft  is  dug  4  or  5  feet,  and 
then  planks  are  placed  around  the  shaft,  commencing  at  the 
bottom  of  the  excavation.  In  one  of  the  joints  in  each 
cotirse  of  planks,  placed  around  the  inside  of  the  shaft,  a 
wedge  2  feet  long  and  3  feet  square  on  the  head  is  driven 
into  the  side  of  the  shaft.  The  second  course  of  planks 
is  laid  ui>on  the  bottom  course,  so  that  the  ends  of  the  planks 
in  the  two  courses  break  joints.  A  second  wedge  is  driven 
into  the  side  of  the  shaft  between  the  butting  ends  of  two 
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planks  in  the  second  row,-  in  the  same  way  as  in  the  first 
low.  It  is  desirable  to  have  the  wedges  in  two  successive 
rows  of  planks  driven  into  the  side  of  the  shaft  at  opposite 
points.  Sometimes  it  is  found  not  to  be  necessary  to  put  a 
wedge  in  each  course  of  planks. 

After  the  bottom  two  courses  of  planks  are  properly  laid, 
they  are  spiked  together  by  large  iron  nails.  On  the  top 
of  these  bottom  two  courses,  other  planks  are  laid  in  a  sim- 
ilar way  until  the  lining  of  the  shaft  is  continuous  to  its  top. 
The  shaft  is  then  dug  4  or  6  feet  deeper  and  below  the  bot- 
tom of  the  planks  which  have  so  far  been  laid.  The  wedges 
in  the  different  courses  of  plank,  and  the  spikes  between 
the  two  bottom  courses,  make  the  lining  of  the  shaft  suffi- 
ciently rigid,  as  a  whole,  to  prevent  it  from  falling  down 
when  the  shaft  is  sunk  deeper  beneath  the  bottom  course 
of  planks. 

After  the  shaft  has  been  sunk  to  a  depth  at  which  its  un- 
exposed sides  are  liable  to  cave  in,  planks  are  laid  around 
the  shaft,  commencing  at  the  then  bottom  of  the  shaft  and 
extending  up  to  the  bottom  course  of  planks  previously 
laid.  The  shaft  is  thus  alternately  sunk  and  lined  in  sec- 
tions until  the  bottom  of  the  clay-bed  is  reached.  The  depth 
to  which  the  shaft  is  sunk,  between  the  times  during  which 
digging  is  stopped  in  order  to  permit  of  the  shaft  being 
lined,  depends  entirely  upon  the  character  of  the  clay  passed 
through  by  the  shaft  and  its  ability  to  stand  without  lining. 

By  this  method  all  the  clay  which  is  obtained  is  taken 
from  the  shaft  itself.  When  the  sinking  of  any  one  shaft 
is  ultimately  stopped,  a  second  shaft  is  commenced  in  an- 
other part  of  the  clay-bed,  and  the  refuse  from  the  second 
shaft  is  dumped  into  the  first  shaft,  the  hemlock  planks 
which  lined  the  first  shaft  being  taken  out'  as  the  shaft  is 
filled  up  with  refuse  material. 

This  system  of  mining  was  originated  by  Mr.  Golding  in 
the  clay-beds  in  the  vicinity  of  Hockessin ;  it  has  recently 
been  introduced  at  the  National  Kaolin  pit  by  Mr.  Johns. 

While  all  of  these  three  systems  of  mining  have  their 
individual  advantages,  under  special  conditions,  it  is  be- 
lieved from  the  experience  in  the  Hockessin  clay-beds,  that 
39 
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the  third  system  will  as  a  rule  prove  most  generally  profit- 
able. 

Preparation  of  clay  for  market 

The  clay,  as  taken  from  the  pit,  is  not  fit  for  the  potters* 
use,  and  it  is  necessary  to  separate  the  pure  clay  from  all 
deleterious  ingredients.  To  accomplish  this  end,  the  crude 
clay,  before  it  is  hauled  from  the  pit  to  the  mill,  is  separ- 
ated by  careful  digging  and  handling  from  a  large  mass  of 
sand  with  which  it  may  be  associated.  It  is  then  hauled 
to  the  mill  and  placed  on  the  stock  pile,  from  whence  it  is 
taken  and  dumped  into  the  mixing  trough,  in  which  the 
clay  is  thoroughly  broken  up  and  mixed  with  water. 

The  clay  and  sand  mixed  with  water  runs  into  a  trough 
in  which  a  vertical  wheel  revolves,  with  pocket  elevators  on 
its  circumference.  The  sand  in  this  trough  settles  to  the 
bottom,  and  is  carried  oflf  by  the  pocket  elevators. 

The  water,  holding  the  clay  in  suspension,  then  passes 
into  board  troughs  known  as  *' clay-runs"  or  ''slips." 
These  slips  are  placed  side  by  side,  and  the  clay  in  going 
through  them  is  carried  over  a  distance  of  between  600  and 
900  feet.  As  the  clay  passes  through  these  troughs  the 
sand  falls  to  the  bottom  and  is  ultimately  removed  from 
the  troughs. 

The  water  holding  the  clay  in  suspension  passes  from  the 
last  rtin  into  settling  vats,  where  it  is  permitted  to  remain 
for  several  hours  or  several  days.  As  the  pure  clay  sinks 
to  the  bottom  of  the  vat  the  clear  water  is  drawn  off  from 
the  top. 

From  these  vats  the  clay  is  then  pumped,  under  pressure 
of  about  160  pounds,  into  canvas  cloths  folded  with  their 
edges  turned  over  and  placed  in  hydraulic  presses.  These 
presses  contain  from  34  to  40  such  canvas  bags  included  be- 
tween tightly  connected  frames.  By  continual  pumping  it 
takes  from  6  to  14  hours  to  fill  these  presses,  the  length  of 
time  being  dependent  upon  the  toughness  and  tenacity  of 
the  kaolin.  The  National  kaolin  is  extremely  tough,  and 
requires  a  longer  time,  under  the  same  conditions  for  pump- 
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ing  into  the  i)resses,  than  the  clay  mined  on  the  Griffin  farm 
or  in  the  Hockessin  district. 

After  the  presses  are  filled  with  kaolin  the  connection 
with  the  pump  is  broken,  and  the  leaves  of  tlie  presses  are 
opened,  and  the  canvas  cloths  unfolded  and  emptied  of  tlie 
clay,  which  is  then  placed  on  shelves  in  the  open  air  for 
drying.  The  time  which  is  required  for  the  clay  to  dry  de- 
pends upon  variable  conditions. 

The" accompanying  plates  on  pages  610  and  612,  show  the 
plan  of  the  clay  mills  on  both  the  Johns  and  Griffin  farms. 

The  general  system  of  preparing  the  clay  by  both  of  these 
works  is  practically  the  same,  the  details  of  the  method 
being  slightly  varied  by  local  features  which  characterize 
each  mill. 

In  addition  to  the  plant  necessary  for  the  preparation  of 
clay  in  the  Johns  mill,  there  is  placed  in  the  rear  of  the 
mill  a  brick  shed,  two  drying  pans  and  a  clay  ring,  these 
special  parts  of  the  mill  having  been  designed  for  the  manu- 
facture of  lire-bricks. 

The  most  prominent  difference  at  the  Griffin  mill  consists 
in  the  necessary  machinery  required  for  pulverizing  quartz 
rock  and  feldspar,  both  of  which  are  sold  to  potters  for 
mixing  materials.  The  quartz  and  feldspar  are  ground  up 
in  Alsing  mills,  which  consist  of  large  porcelain-lined  cylin- 
dei's,  which  are  made  to  revoive  more  or  less  rapidly  by 
proper  gearing.  In  the  cylinders,  with  the  rock  to  be 
ground,  are  placed  a  variety  of  hard  quartz  pebbles,  known 
as  Norway  pebbles,  which,  being  mixed  up  with  the  rock, 
grinds  it  into  an  impalpable  powder.  Before  the  quartz  or 
feldspar  is  placed  in  the  Alsing  mills  it  is  ground  up  into 
small  pieces  by  a  heavy  mill-stone  revolving  around  a  hori- 
zontal shaft,  which,  in  turn,  revolves  around  a  vertical  shaft. 

The  white  kaolin,  known  to  the  trade  as  No.  1,  which  is 
produced  by  H.  A.  Johns  &  Co.,  commands  a  high  price, 
and  is  shipped  to  the  potteries  principally  at  Trenton,  New 
Jersey,  who  make  a  specialty  of  making  the  highest  grades 
of  American  china. 

The  yellow  clay,  which  is  slightly  discolored  by  oxide  of 
iron,  and  which  is  considered  not  to  be  as  tough  as  the  white 
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kaolin,  although  mach  tougher  than  some  of  the  whiter 
clays  produced  from  beds  in  the  State  of  Delaware,  is  also 
in  demand  among  potters,  making  a  high  grade  of  china 
where  the  slight  discoloration  is  not  injurious. 
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Notes  on  the  Quaternary  Oeology  of  the  Wyoming- LacJca- 
,    wanna  Valley  in  Luzerne  and  Lackawanna  counties. 


I,  Description  of  the  Archhald  Potholes ;  also  of  the 
Buried  Valley  of  Newport  aeeJc  near  NanticoJce 
with  special  reference  to  the  ^^ NanticoJce  Mine  Dis- 
aster ^^^  of  December^  18S5,  hy  Charles  A.  Ashhurner. 


II.  Description  of  the  Buried   Wyoming  Valley  between 
Pittston  and  Kingston^  by  Frank  A.  Hill. 


HI.  Description  of  a  new  substance  resembling  Dopple- 
rite^  from  a  Post-glacial  Peat  Bog  at  Scranton^  by 
Henry  Carmll  Lewis. 


I. 
Introduction. 

During  the  glacial  epoch  of  the  Quaternary  period  of  the 
geological  column,  or,  as  it  is  popularly  referred  to,  "the 
Cold  Age,"  all  of  Canada,  New  England,  New  York,  North- 
ern New  Jersey,  and  Pennsylvania,  down  to  a  line  starting 
from  Olean,  in  Western  New  York ;  extending  through 
Ralston,  in  Lycoming  county;  Berwick,  on  the  north 
branch  of  the  Susquehanna  river  ;  White  Haven,  on  the 
Lehigh  river,  and  Belvidere,  on  the  Delaware  river,  was 
covered  by  a  continuous  and  solid  sheet  of  ice.  This  ice 
sheet  was  variable  in  thickness.  In  New  Hampshire  it  was 
probably  6000  feet  thick,  while  in  the  Wyoming- Lackawanna 
Valley  Prof.  Lesley  expresses  his  opinion  that  it  was  at 
least  2000  feet  thick. 

This  ice  sheet  moved  slowly  forward  toward  the  south 
and  south-west,  ploughing  and  scratching  the  surface  of 
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the  country,  and  carrying  with  it  rocks  of  all  kinds  and 
sizes,  from  fine  grains  of  sand  to  huge  blocks  several  feet 
in  thickness.  This  drift  material  was  dumped  by  the  gla- 
cier along  its  edges  In  the  form  of  moraines,  or  dropped 
from  the  bottom  of  the  glacier  as  it  passed  over  the  hills 
and  valleys.  Evidence  of  this  is  not  wanting  on  the  ground 
within  the  area  referred  to.* 

Fragments  of  outcropping  rocks  from  an  older  geological 
age  were  broken  off  and  were  carried  by  the  glacier  over 
hills  and  across  valleys,  and  dropped  upon  the  outcrops  of 
rocks  of  a  later  geological  age.  Valleys  originally  deep 
have  been  filled  up  by  the  glacial  drift,  and  the  beds  of 
streams  have  thereby  been  elevated ;  the  streams  flowing 
now  at  higher  levels  than  prior  to  the  glacial  epoch. 

A  glacier  covered,  at  one  time,  the  entire  Wyoming- Lack- 
awanna valley,  and  extended  as  far  south  as  the  lower  part 
of  Luzerne  county,  where  its  terminal  moraine  runs  through 
Foster,  Butler,  and  Nescopec  townships.  North  of  this  line 
glacial  drift  exists  on  the  tops  of  hills  and  fills  the  bottoms 
of  valleys. 

In  the  lower  part  of  the  Wyoming- Lackawanna  valley  we 
find  the  presence  of  drift  universal,  the  depth  of  the  drift 
being  determined  by  the  difference  in  elevation  between  the 
bottom  of  the  original  valley,  as  it  existed  before  the  glacial 
epoch,  and  the  elevation  of  the  bottom  of  the  valley  as  it 
is  to-dav. 

The  depth  of  this  drift  and  the  location  of  pot-holes  in 
areas  underlaid  by  workable  coal-beds,  is  a  matter  of  great 
practical  importance  to  coal  operators.  The  depth  and 
character  of  the  drift  have  a  direct  practical  bearing  upon 
the  sinking  of  shafts,  from  which  to  work  the  coal-beds. 
The  thickness  of  the  rock  roof  over  the  mine  workings  be- 
tween the  top  of  the  workable  coal-beds  and  the  bottom  of 
the  drift,  is  no  less  important  as  affecting  the  possibilities 
and  safety  of  mining  enterprises. 

The  location  of  points  where  the  outcrops  of  worked  coal- 
beds  will  be  covered  by  a  considerable  depth  of  drift,  and 

*See  Report  Z. 
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the  location  of  pot-holes  is  of  value  to  the  njiners  of  coal, 
since  the  running  of  gangways  and  breasts  into  the  drift 
may  not  only  involve  unanticipated  cost,  but  may  involve 
the  loss  of  lives,  as  has  only  recently  been  proved  by  the 
cave-in  at  one  of  the  Snsquehanna  Coal  Company's  mines,  at 
Nanticoke,  which  "mining  disaster"  has  passed  into  the 
history  of  the  region  as  one  of  the  most  remarkable  of  re- 
cent, times. 

The  position  and  depth  of  the  glacial  drift  at  any  one 
point  in  the  valley,  and  the  location  of  pot-holes,  can  only 
be  determined  by  boring  holes,  sinking  shafts,  or  by  the 
more  undesirable  and  hazardous  plan  of  driving  the  mine 
workings  into  the  drift. 

For  some  time  I  have  considered  that  the  most  important 
problems  to  be  considered  by  the  Geological  Survey,  in  its 
examination  of  the  Northern  coal-field,  were  those  connected 
with  the  glacial  geology  of  the  region. 

The  resources  of  the  Survey  are  not  such  as  to  permit  of 
drilling  holes  or  sinking  shafts,  and  it  has  only  been  possible 
to  collect  such  data  as  is  in  the  possession  of  individuals  and 
companies  connected  with  the  exploration  and  exploitation 
of  the  coal-beds,  to  collate  this  data,  and  deduce  such  con- 
clusions as  can  only  be  arrived  at  bv  a  systematic  studv  of 
all  the  facts  which  can  be  commanded.  This  has  been  done, 
and  the  results  are  herewith  embodied  in  notes  by  myself 
relating  to  the  Archbald  Pot-holes  and  the  Buried  Valley, 
along  Newport  creek,  south-west  ot  Nanticoke,  and  in  notes 
by  Mr.  Frank  A.  Hill,  Assistant  Geologist,  on  the  Buried 
Valley  between  Pittston  and  Nanticoke. 

Arcfibald  Pot-holes. 

Archbald  Pot-hole,  No.  1,  or  that  to  which  special  refer- 
ence is  made  in  this  place,  was  discovered  during  the  first 
week  of  February,  1884,  at  the  Ridge  mines  of  the  Eaton 
colliery,  on  the  land  of  Col.  C.  B.  Hackley ;  the  colliery 
being  operated  by  Messrs.  Jones,  Simpson  &  Co. 

In  a  communication  received  from  Edward  Jones,  in  Feb- 
ruary, 1884,  he  says  : 

'*The  discovery  was  made  by  the  men  at  work  opening  a 
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chamber  from  the  air-way,  when  they  enconntered  a  mass 
of  round  stones  weighing  fi'om  one  to  six  or  more  pounds, 
which  were  I'esting  like  a  wall  in  front  of  them  and  which 
extended  across  the  face  of  the  workings,  from  within  about 
one  foot  of  the  bottom  of  the  ^^veln,''  up  to  the  roof ;  worked 
around  it  and  found  the  coal  regular,  with  this  pillar  stand- 
ing in  an  almost  oval  shape,  (greatest  length  about  20  feet) ; 
started  to  clean  it  out  and  found  it  ran  through  the  rock  to 
the  surface,  a  distance  of  over  40  feet." 

This  hole  is  situated  on  one  of  the  head  branches  of 
Tinklepaugh  creek,  nearly  three  miles  (15,200  feet)  north 
50°  45'  west  of  the  Delaware  and  Hudson  Canal  Company's 
railroad  station  at  Archbald.  The  accompanying  page 
plate  topographical  map  shows  the  position  of  Pot-hole 
No.  1,  the  most  prominent  topographical  feature  in  the  vi- 
cinity being  the  Callender  gap,  through  which  the  Brown 
Hollow  turnpike  passes,  north-west  of  the  hole. 

In  May,  1885,  tlie  second  or  upper  pot-hole  was  discov- 
ered by  the  miners  of  Jones,  Simpson  &  Co.  in  the  same 
way  that  the  first  hole  was  discovered.  The  position  of 
this  pot-hole  is  not  shown  on  the  page  plate  map.  It  lies 
in  the  same  hollow  as  Pot-Hole  No.  1,  and  1000  feet  north 
33°  east  of  it.  Pot-Hole  No.  1  is  at  j)resent  used  for  an  air- 
shaft  in  ventilating  the  Ridge  mines. 

The  elevation  of  the  top  of  Hole  No.  1  is  1129.48  feet  above 
tide,  the  elevation  of  the  railroad  track  at  Archbald  being 
916  feet  A.  T.  The  depth  of  the  hole  is  38  feet.  The 
greatest  length  of  the  hole  on  the  surface  of  the  ground  is 
42  feet  in  a  direction  of  north  80°  east,  and  the  shortest 
width  across  the  top  of  the  hole  is  24  feet. 

The  general  position  of  the  hole  is  not  vertical,  but  in- 
clined in  a  direction  south  80°  west.  The  hole  extends  to 
the  bottom  of  the  Archbald  coal-bed,  which,  in  the  mines 
in  the  vicinity  of  the  hole,  is  eight  feet  thick. 

The  accompan3'ing  plate  (page  620)  shows  two  carefully 
measured  sections  of  the  hole,  one  immediately  on  top  of 
the  coal-bed  and  one  4^  feet  above  the  top  of  the  bed,  these 
sections  being  referred  to  the  position  of  the  base  of  the 
air  stack,  27  feet  above  the  top  of  the  coal-bed. 
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SecUoTzs  of  the  Archbald  Pot-Hole. 
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Outline  of  base  of  air  shaft 
:^fe€t  aJbore  top  ofcoaZ  bed 


Greatest  distance  across  top  of  hole  42  feet. 
Shortest  distarvce  across  top  of  hole  S4  feet. 
Depth  of  the  hole  3S  feet 

bottom  of  the  hole  is  on  the  floor  of  the  ArchbaZd 
(>€HxL  bed  y\rhich  is  S  feet  thick,. 
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The  hole  on  top  of  the  bed  is  14  feet  wide,  east  and  west, 
and  17  feet  long,  north  and  south  ;  while  4^  feet  above  the 
top  of  the  bed  it  is  19  feet  east,  and  west,  and  18  feet  at  the 
widest  point,  north  and  south.  Between  these  two  sections 
the  west  face  of  the  hole  is  nearly  vertical,  while  the  east 
face  inclines  toward  the  eaat. 

The  accompanying  heliotypes  (opposite  pages  615  and  617 
respectively)  show  two  photographic  views*  of  the  hole, 
one  taken  from  the  top  looking  down,  and  the  other  taken 
from  the  bottom  looking  up.  The  bottom  of  the  first  view 
is  along  a  line  run  nearly  north  and  south,  north  being  to 
the  right-hand  side  of  the  heliotype  ;  the  sides  of  the  second 
view  point  upward  toward  the  north. 

The  hole  is  cat  almost  exclusively  out  of  slate  and  sandy 
shale,  principally  the  former,  and  the  faces  of  the  hole  are 
extremely  smooth.  The  pebbles  taken  out  of  the  hole  were 
from  sedimentary  strata,  and,  as  far  as  could  be  determined, 
from  strata  geologically  above  the  Pocono  sandstone,  No. 
X,  which  forms  the  highest  summits  north  and  north-east 
of  the  hole. 

A  number  of  the  pebbles  taken  from  the  hole  were  evi- 
dently formed  from  the  rock  which  was  cut  out  of  the  hole, 
and  among  them  there  were  several  pebbles  cut  from  the 
c<»albed  itself.  One  of  these  latter  pebbles,  which  I  saw, 
measured  about  5  inches  in  diameter. 

I  did  not  visit  this  hole,  but  the  facts  connected  with  its 
discovery  were  repoi'ted  to  me  by  Mr.  John  C.  Branner,  to- 
pographer in  charge  of  the  topographical  survey  of  the 
Lackawanna  valley,  as  follows  : 

''It  was  found  working  a  drift  in  very  similar  to  that 
which  found  the  first  hole,  and  fell  into  the  mine  workings 
when  they  advanced  in  the  vicinity  of  the  hole.  To  pre- 
vent inconvenience  in  the  mine  workings,  if  the  sand  and 
drift  should  come  into  the  hole,  the  material  was  propped 
up  and  confined  in  the  hole  and  thereby  kept  out  of  the 
mine  breasts." 

Since  this  hole  was  not  cleared  of  its  contents  when  vis- 


*Tbe  heHotypes  were  printed  from  ezceUent  negatives  made  by  Mr.  Frey, 
of  Soranton,  who  placed  the  negaMvee  at  the  disposal  of  the  Survey. 
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ited,  it  is  impossible  to  describe  its  form  in  detail,  but  from 
information  furnished  by  Mr.  Edward  Jones,  of  Jones, 
Simpson  &  Co.,  its  position  and  depth  were  readily  ascer- 
tained, the  former  from  the  company's  mine  map,  and  the 
latter  from  Branner's  instrumental  elevations. 
The  depth  of  hole  No.  2  is  50  feet,  as  follows : 

Eleyation  of  rail  at  the  mouth  of  the  mine  driit,  1077. 95' 
Elevation  of  top  of  pot-bole,  (topographical  station  8372,)  1192.07' 
Elevation  of  floor  of  mine  at  bottom  of  hole, 1027.46' 

Height  from  bottom  of  hole  to  surface, 64.62' 

P'rom  observations  made  upon  the  depth  of  the  soil  and 
gravel  overlying  the  surface  of  the  rocks,  in  the  vicinity  of 
the  hole,  it  is  probable  that  there  is  between  14  and  15  feet 
immediately  over  the  hole,  say  14.62  feet,  thus  making  the 
depth  of  the  hole,  according  to  Mr.  Branner,  about  50  feet. 

I  am  not  informed  as  to  the  diameter  and  shape  of  this 
hole.  Its  dimensions  are  locally  spoken  of,  however,  as  be- 
ing less  than  the  dimensions  of  Hole  No.  1.  Its  depth,  is 
certainly  greater,  and  it  is  more  than  probable  that  its  diam- 
eter is  also  greater  than  the  diameter  of  Hole  No.  1. 

Before  referring  to  the  probable  manner  in  which  these 
holes  were  formed,  a  reference  to  the  prominent  topograph- 
ical features  of  the  area  surrounding  the  holes  is  necessary. 
These  are  shown  on  the  page  plate  map  (page  618).  Mr. 
Branner,  in  referring  to  the  topography,  says: 

''The  little  hollow  in  which  both  the  holes  are  located  is 
i  mile  long,  and  in  this  disfanice  rises  about  95  feet,  in  a  di- 
rection of  north  32°  east.  At  the  lower  end  of  this  little 
valley  the  hill  tops  on  either  side  are  about  500  feet  apart, 
and  in  elevation  about  70  feet  above  the  top  of  the  first  hole, 
which  is  at  the  lower  end  of  the  valley.  A  '  wet  weather' 
strejim  runs  down  this  hollow  during  the  greater  part  of  the 
year." 

If  the  branch  of  Tinklepaugh  creek,  which  now  flows 
through  Callender  gap,  north- east  of  the  holes,  at  some 
anterior  period  was  united  with  the  branch  of  the  same 
creek,  now  occupying  the  hollow  in  which  the  pot-holes 
are  located,  the  area  drained  by  both  streams  would  be  less 
than  2  square  miles. 


AshhurnerJ\         ^archbald  pot-holes.  623 

If  these  two  branches  of  Tinklepangh  creek  never  united 
in  the  vicinity  of  the  holes,  the  area  drained  by  the  stream 
now  occupying  the  hollow  in  which  the  holes  are  located 
would  be  about  a  quarter  of  a  square  mile  It  has  been 
suggested  that  at  one  time  Miller's  creek  occupied  the  hol- 
low through  which  Tinklepaugh  creek  now  runs.  This, 
however,  is  highly  improbable,  but  even  if  it  was  the  case, 
the  axea  drained,  through  the  hollow,  would  only  be  a  little 
over  two  square  miles. 

Under  any  of  the  above  hypotheses,  the  amount  of  water 
which  at  any  one  time  could  have  flowed  over  the  holes 
would  have  been  comparatively  small.  Mr.  Bmnner  has 
determined,  from  his  surveys,  that  the  Lackawanna  river 
at  Archbald  drains  an  area  of  104  square  miles,  and  he  has 
estimated  that,  at  the  average  height,  this  stream  discharges 
at  this  point  less  than  100  cubic  feet  of  water  per  second. 

These  facts  are  presented  here  as  bearing  upon  the  possi- 
bility of  these  pot-holes  having  been  formed  during  recent 
times,  by  the  fall  of  water,  resulting  from  natural  drainage, 
in  the  same  way  that  pot-holes  are  now  being  formed  in  the 
beds  of  our  mountain  streams. 

When,  the  maximum  amount  of  water  which  could  pos- 
sibly be  obtained  during  recent  times  to  flow  through  the 
hollow  in  which  the  holes  are  located,  the  depth  of  the 
holes,  their  diameter  and  size,  and  the  character  of  the  peb- 
bles contained  in  the  "gravel  filling"  of  the  holes,  are  all 
considered,  it  would  appear  not  only  improbable  but  abso- 
lutely impossible  that  the  holes  should  have  been  formed 
in  the  manner  suggested.* 

Immediately  after  the  discovery  of  Pot- Hole  No.  1,  and 
before  any  careful  examination  had  been  made  of  the  hole 


*  Shortly  after  my  visit  to  Pot-Hoi e  No.  I,  May,  1884,  as  the  resalt  of  a  oon- 
versation  had  with  Mr.  Branner,  he  obtained  the  idea  that  I  suggested  the 
theory  that  these  pot-holes  were  formed  by  water  falUng  dowa  iuto  the  hol- 
low in  which  they  were  situated,  at  a  time  wh(n  the  stream  was  larger  than 
It  is  at  prf  sent,  or  by  a  stream  coming  from  the  direction  of  Cal lender  gap. 

I  certainly  foiled  to  malie  my  views  clear  to  Mr.  Branner,  »lnce  I  never  enter- 
tained 8<ich  a  theory.  Reference  is  made  to  this  fact  here,  since  in  a  paper  re. 
cently  read  by  Mr.  Branner  before  the  American  Philosophical  Society,  on 
the  Glacial  Geology  of  the  Wyoming-Lackawanna  Va  ley,  he  credits  me  with 
having  entertained  such  a  theory. 


'■^      \      .^   .  »  A »      \    I    fc       •    w  .  ♦.   »'••  ' 
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or  its  stirroundings,  Professor  Lesley,  in  a  letter  to  Jones, 
Simpson  &  Co.,  suggested  that  this  hole  was  formed  by 
water  falling  through  a  crevasse  in  the  glacier,  which,  dur- 
ing the  glacial  period,  covered  the  Lackawanna  valley  to 
a  depth  probably  of  2000  feet,  by  the  same  process  tliat  pot- 
holes are  now  being  made  every  day,  under  the  Alpian  gla- 
ciers. Illustrations  of  similar  holes  are  preserved  in  the 
public  garden  of  the  city  of  Lucerne,  Switzerland,  where  five 
or  six  such  holes  are  kept  open  for  the  amusement  and  in- 
struction of  the  public.  When  tliey  were  cleaned  out  a 
number  of  rounded  stones,  some  of  large  size,  were  left  in 
them,  so  that  the  people  could  see  how  the  holes  had  been 
made. 

Although  this  explanation  was  only  suggested  by  Prof. 
Lesley  without  any  facts  other  than  the  depth  of  the  hole 
as  reported  to  him,  and  was  never  intended  to  be  a  final 
statement,  reference  is  made  to  it  here,  because  Mr.  Branner, 
in  his  paper  read  before  the  American  Philosophical  Society, 
says: 

''After  having  gone  over  the  ground  repeatedly,  and  after 
having  made  a  thorough  study  of  the  topography  of  this 
region  and  all  that  appeared  to  be  questions  that  would 
throw  any  light  upon  the  subject,  the  more  firmly  am  I  con- 
vinced that  this  explanation  suggested  (by  Prof.  Lesley)  is 
the  true  and  the  only  possible  explanation." 

That  the  cause  of  the  pot-hole  must  be  sought  for  during 
the  glacial  period  there  can  be  no  question,  because  only 
during  that  period  can  we  conceive  of  sufficient  water  re- 
sulting from  the  melting  of  the  existing  ice  sheet,  to  pro- 
duce such  a  phenomenon. 

The  hole  could  not  be  formed  except  by  water  in  sufficient 
quantity,  and  having  sufficient  velocity  to  keep  the  sand 
and  pebbles  in  constant  ebullition,  when  entering  a  depres- 
sion in  the  surface,  otherwise  any  depression  in  the  bed  of 
a  stream  of  small  size  would  be  quickly  filled  by  the  mud, 
sand  and  pebbles  and  such  a  stream  would  flow  over  the 
filled  hole,  rather  than  into  an  empty  one. 

If,  however,  a  great  volume  of  water  should  impinge  on 
the  surface- of  the  rocks,  where  the  hole  is  now  found,  with 
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considerable  force,  the  rocks  at  the  point  of  the  water-fall 
would  be  worn  away,  not  only  by  the  direct  force  of  the 
water,  but  by  the  fall  of  the  sand  and  i)ebbles  carried  by 
the  water,  and  by  the  constantly  movings  and  and  pebbles 
caught  in  the  hole,  but  too  heavy  to  be  kept  in  such  violent 
action  as  to  flow  out  with  the  water.  This  is  the  method 
by  which  pot-holes  are  formed  at  the  bottom  of  glacial 
crevasses.  All  water  falls  through  glacial  crevasses  are 
themselves  approximately  vertical.  Especially  would  such 
water-falls  be  vertical  where  they  fell  from  a  height  of  sev- 
eral hundred  feet.* 

Pot-holes  formed  by  a  crevasse  water- falls  would  be  nearly 
symmetrical  about  an  approximately  vertical  line,  very  un- 
like in  this  respect  Pot-Hole  No,  1,  the  shape  of  which  in- 
dicates that  the  force  of  the  stream  which  impinged  upon 
the  rocks  during  its  formation  must  have  inclined  in  the 
direction  of  the  axis  of  the  hole.f 

In  only  two  ways  is  it  possible  for  me  to  conceive  of  this 
hole  being  formed : 

First,  By  the  water  which  always  flows  underneath  a 
glacier,  particularly  near  its  terminus. 

Second.  By  water  flowing  over  the  edge  of  the  retreating 
ice,  at  the  terminus  of  a  glacier. 

In  either  case  we  would  have  sufficient  water  to  form  the 
hole,  and  the  inclined  directions  of  the  water  as  it  fell  upon 
the  rocks  would,  produce  a  hole  having  an  inclined  axis, 
such  as  Hole  No.  1,  cut  out  of  horizontal  strata. 

*  Water  faUing  from  great  heights  is  often  dissipated  by  the  air  which  min- 
gles with  it  during  the  fall ;  the  cutting  force  of  the  water  at  the  foot  of  a  fall 
is  directly  proportional  to  the  quantity  of  water  and  the  height  of  the  fall. 

t  This  would  undoubtedly  be  so  where  the  hole  was  cut  ont  of  nearly  hori- 
zontal strata,  as  in  the  case  of  Pot-hole  No.  L  Where,  however,  the  strata,  out 
of  which  a  hole  should  be  cut,  had  a  dip  of  only  5  degrees  it  can  readily  be 
understood  how  an  inclined  hole  such  as  No.  1  could  be  cut  by  a  vertical 
water-fall. 


40 
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Description  of  the  Buried  Valley  of  Newport  CreeTc^  near 
Nanticoke^  with  Special  Reference  to  the  Mine  Accident 
of  December  18,  1885, 

One  of  the  most  unexpected  and  disastrous  mining  ac- 
cidents which  has  occurred  in  the  mines  of  the  Wyoming 
valley,  and  in  fact  in  the  Anthracite  Coal-fields,  was  the 
'"'cave-in^^  which  took  place  in  the  roof  of  a  portion  of  the 
Ross  bed  mine  workings  from  Susquehanna  Coal  Company's 
Slope,  No.  1,  half  a  mile  west  of  the  town  of  Nanticoke, 
on  the  morning  of  December  18,  1885.  The  ''catje-m" 
took  place  immediately  under  the  culm  pile  from  Breaker 
No.  2.  The  Engineering  and  Mining  Journal,  in  a  report 
of  the  accident,  says:* 

"The  cave  took  place  at  the  face  of  a  short  chamber  al- 
most at  the  face  of  a  gangway,  or,  in  other  words,  on  the 
very  edge  of  the  'solid'  coal,  and  where  no  sign  of  danger 
of  falls  had  shown  itself  or  could  have  been  expected.  The 
waterf  that  accompanied  the  flood  of  dibris  that  in  a  few 
minutes  filled  the  workings  to  the  amount  of  about  100,000 
cubic  yards,  was  so  small  in  quantity  that  it  did  not  affect 
the  pumps  or  noticeably  increase  the  usual  water  of  the 
mine,  although  in  digging  through  the  dibris,  boulders 
from  one  to  two  feet  in  diameter  were  met  with,  carried 
forward  to  a  considerable  height  in  the  chambers  by  the 
flood." 

'*  It  is  more  than  probable  that  all  of  the  twenty-six  men 
who  lost  their  lives  in  this  disaster  were  at  once  over- 
whelmed bv  the  flood  of  culm  and  dibris.  Without  clear- 
ing  out  the  entire  workings  it  is  unlikely  that  all  the  bodies 
will  be  recovered,  and  the  facts  connected  with  the  inunda- 
tion of  culm  make  it  probable  that  there  will  be  great  dan- 
ger to  those  employed  in  the  work  of  recovering  the  bodies 
should  the  clearing  out  of  the  workings  be  continued." 

♦January  9, 1886. 

t  **Tbe  water  that  carried  the  culm,  soil,  and  debris  throagh  the  minefilUng 

completely  the  gangways,  and  in  part  the  chambers,  for  a  distance  of  faily 

8000  feet  from  the  point  where  the  *  oaye '  took  place,  was  only  the  water  in 

the  cnlm  and  that  in  the  quieksands  that  appear  to  have  formed  the  roof  over 

hat  part  of  the  mine.' ' 
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I  have  made  a  careful  examination  of  the  ground  in  the 
vicinity  of  the  "cao^-//?,"  with  all  the  maps  relating  to  the 
mines  in  the  hands  of  the  Susquehanna  Coal  Company 
placed  at  my  disposal.  A  report  will  ultimately  be  pre- 
pared by  Mr.  G.  M.  Williams,  Minelnspector  of  the  western 
end  of  the  Wyoming  valley,  and  published  in  the  regular 
State  Inspector's  report ;  and  it  is  only  proposed  to  refer 
here  to  those  special  mining  features  connected  with  tlie 
accident  which  are  concerned  in  a  geological  consideration 
of  the  causes  to  which  the  accident  is  to  be  attributed. 

A  review  of  all  the  facts,  however,  bearing  upon  the  care 
with  which  mining  in  the  vicinity  of  the  "ca??e-m"  has 
been  prosecuted  by  the  Susquehanna  Coal  Company,  con- 
clusively prove  that  the  accident  was  unavoidable  and 
could  not  have  been  anticipated  by  any  measures  which  the 
company  could  have,  with  reason,  adopted.  This  company, 
under  the  efficient  management  of  the  General  Superin- 
tendent, Mr.  Irving  A.  Stearns,  and  the  Mining  Engineer, 
Mr.  J.  H.  Bowden,  has  been  untiring  in  adopting  every 
nieans  to  rescue  the  imprisoned  miners,  and,  as  far  as  I  am 
infoniied  from  public  records  and  from  my  personal  knowl- 
edge of  other  mining  accidents,  no  company  in  the  anthracite 
coal-fields  has  exercised  greater  care  in  preventing  accidents 
which  might  involve  the  lives  of  the  miners,  and  has  been 
more  prompt  and  generous  in  all  efforts  to  relieve  the  unfor- 
tunate, than  the  Susquehanna  Coal  Company.* 

As  is  more  especially  referred  to  in  Mr.  Hill's  report, 
prior  to  the  glacial  epoch  the  Susquehanna  river  flowed  at 
a  level  200±  feet  below  the  surface  of  the  present  Wyom- 
ing valle}%  and  the  valley  has  subsequently  been  filled 
with  gravel  and  drift.  Most  of  the  shafts  and  bore-holes 
which  have  been  sunk  in  the  valley  have  encountered  this 
drift,  and  its  thickness  has  been  determined  at  a  number  of 
points.     A  knowledge  of  these  facts  led  the  Susquehanna 

*I  have  made  this  statement  after  a  thorough  investigation  of  the  oiroam- 
stances  attending  the  accident,  since  in  some  of  the  published  accounts  at  the 
time  the  accident  took  place,  it  was  charged  to  ignorance  on  the  part  of  the 
management  of  the  company  as  to  the  proper  support  to  give  the  rocks 
and  the  ooal-cuJm  piled  on  the  top  of  the  surface  overlying  the  coal-bed. 
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Coal  Company  to  put  down  a  great  number  of  bore-holes  in 
the  valley  of  Newport  creek,  in  order  to  ascertain  the 
thickness  of  the  gravel,  especially  in  that  portion  of  the 
valley  under  which  mining  was  about  to  be  done,  and  where 
uncertainty  might  exist  as  to  the  thickness  of  solid  rock 
which  would  form  the  roof  of  the  coal  mine,  and  the  thick- 
ness of  drift  which  might  3xist  over  this  roof;  a  cave-in 
similar  to  that  which  occurred  last  December  being  antici- 
pated in  those  areas  where  the  drift  was  known  to  exist. 

Most  of  the  test  drill-holes  have  been  made  in  the  valley 
of  Newport  creek,  ahead  of  the  mine  workings  in  the  Hill- 
man  and  Mills  beds,  worked  from  shaft  No.  1  and  slope 
No.  2,  the  relative  position  of  the  culm-bank  to  the  sur- 
rounding topography  being  such  that  it  was  never  antici- 
pated that  a  buried  valley  existed  under  its  base.  From 
all  surface  indications  it  was  certainh^  the  most  improbable 
place  to  expect  such  a  geological  phenomenon. 

The  accompanying  map  page  626  shows  the  relative  po- 
sition of  the  "  cave-iny  the  mine  workings  and  the  surface 
features.  West  from  the  south  end  of  the  Susquehanna 
Coal  Company's  coal  separator  building  the  buried  valley 
of  Newport  creek  has  been  clearly  defined  by  the  numerous 
bore-holes  which  have  been  drilled.*  On  the  map  is  shown 
the  position  of  bore-hole  No.  38,  the  elevation  of  which  is 
555.1  feet,t  the  depth  to  the  solid  rock  and  the  thickness 
of  the  drift  was  1(X).75  feet,  the  elevation  of  the  bottom  of 
the  buried  valley  under  the  hole  being  454.35  feet.  This 
hole,  from  its  relation  to  the  other  holes  on  the  west,  must 
be  very  near  the  lowest  point  in  the  buried  valley. 

The  most  western  hole  drilled  is  about  50  feet  north  of 
where  Newport  creek  crosses  the  west  line  of  the  Company's 
property,  a  little  over  half  a  mile  due  north  of  Newport 
Center.  This  hole  is  known  as  No.  14,  and  it  is  5475  feet, 
south  70  degrees  15  minutes  west  from  hole  No.  38.     The 

*More  than  200  bore-holes  have  been  drilled  by  the  company  in  the  vicinity 
of  Nanticolce  in  order  to  test  the  tbinkness  of  the  drift  in  areas  ander  which 
the  coal-beds  were  to  be  mined. 

1 11.50  feet  have  been  added  to  the  elevations  of  the  Susquehanna  Coal  Com- 
pany in  order  to  reduce  them  to  the  tidal  datum  adopted  by  the  Geological 
Suivey. 
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elevation  of  the  top  of  the  hole  is  574.65  feet,  the  depth  to 
the  solid  rock  or  the  thickness  of  the  drift  is  103  feet,  and 
the  elevation  of  the  bottom  of  *:he  valley  above  tide  at  this 
hole,  which  would  seem  to  be  the  lowest  point  in  the  valley, 
is  471.65  feet.  The  bottom  of  the  buried  valley  from  hole 
14  to  hole  38  falls  17  feet. 

Between  hole  No.  14  and  hole  No.  38  the  old  buried  val- 
ley follows  in  a  general  way  the  course  of  Newport  creek, 
but  the  deepest  part  of  the  buried  valley  keeps  to  the  north 
of  the  present  creek. 

In  Mr.  Hill's  report  on  the  buried  valley  in  the  vicinity  of 
Wilkes  Barre,  he  shows  that  at  the  Tripp  Farm  bore-hole. 
No.  1,  south-east  of  **  Harry  E."  breaker,  and  about  6  miles 
due  north  of  Wilkes  Barre  court-house,  the  depth  of  the 
drift,  or,  as  it  is  popularly  called  by  the  miners,  the  "zra^A," 
in  the  now  buried  valley  of  the  Susquehanna  river  is 
215  feet,  the  elevation  of  the  bottom  of  the  buried  valley 
beinsr  335  feet  above  tide.  At  the  Woodward  Farm  bore- 
hole,  No.  2.  about  half  a  mile  north-east  of  the  mouth  of 
Toby's  creek,  and  at  a  point  about  2i  miles  south-west  of 
the  Tripp  Farm  bore-hole,  the  depth  of  the  drift  is  reported 
to  be  202  feet,*  the  elevation  of  the  bottom  of  the  buried  val- 
ley at  this  point  being  318  feet  above  tide. 

The  elevation  of  the  Susquehanna  river  at  mean  low  water 
at  Wilkes  Barre  is  516  feet  above  tide,  and  at  mean  high 
water  541  feet  above  tide,  so  that  the  old  Wyoming  valley, 
before  it  was  filled  up  with  the  drift  and  gravel  which  now 
lie  in  its  center,  was  about  200  feet  deeper  near  Wilkes 
Barret  than  the  valley  is  at  the  present  time. 

The  elevation  of  the  Nanticoke  dam*  across  the  Susque- 
hanna river  below  the  mouth  of  Harvey's  creek  is  514.76 
feet,  which  is  only  a  few  feet  lower  than  the  mean  elevation 
of  the  river  at  Wilkes  Barre.  It  is  fair  to  assume  that  the 
slope  of  the  old  Wyoming  valley  from  Wilkes  Barre  to 
Nanticoke  was  at  least  as  great  as  the  fall  of  the  present 
river,  so  that,  since  it  is  quite  certain  that  the  Susquehanna 

*A.n  elementofunoertaiaty  exists  as  regards  the  depth  of  the  drift  at  the 
latter  bore-hole. 

t  More  nearly  in  the  vioinlty  of  Kingston. 
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river  always  has  had  an  outlet  through  the  Nanticoke  gap, 
the  bottom  of  the  old  buried  valley  in  this  gap  must  be  at 
least  205  feet  below  the  surface  of  the  Nanticoke  dam. 

It  has  been  suggested  that  the  Susquehanna  river  at  one 
time  flowed  throijgh  an  old  valley,  which  is  now  buried  by 
drift,  south-west  of  Nanticoke,  and  found  an  outlet  some- 
where in  the  viciuity  of  Shickshinny.  This,  however,  is  an 
impossible  hypothesis.  The  fact  that  the  bottom  of  the 
old  valley  slopes  from  Bore-hole  No.  14  north-east  toward 
Bore-hole  No.  38,  together  with  a  study  of  the  facts,  which 
may  be  readily  had  from  an  inspection  of  the  topographical 
maj)  accompanying  this  report,  and  from  an  examination 
of  the  ground,  proves  that  a  rock  barrier  exists  all  around 
the  south-western  end  of  the  Wyoming  valley,  which  would 
have  prevented  the  river  from  getting  out  at  an  elevation 
approximate  to  454  feet,  which  is  the  elevation  of  the  bottom 
of  the  valley  at  Bore-hole  No.  38,  or  472  feet,  which  is  the 
elevation  of  the  bottom  of  the  vallev  at  Bore-hole  No.  14. 

The  elevation  of  the  Susquehanna  river  at  Shickshinny 
is  about  505  feet  above  tide,  so  that  if  the  Susquehanna 
river  at  one  time  flowed  immediately  over  the  solid  rock 
bed  now  forming  the  bottom  of  the  buried  valley,  through 
the  Wyoming  valley,  south-west  of  Nanticoke,  there  must 
be  a  cut  through  the  rocks  encircling  the  end  of  the  vallej', 
opposite  Shickshinny,  to  a  depth  of  210  feet  below  the  sur- 
face of  the  present  river  at  Shickshinny.  That  such  a  cut 
did  at  one  time  exist,  and  which  may  have  been  subse- 
quently filled  by  drift,  an  inspection  of  the  topography  and 
rock  exposures  on  the  ground  absolutely  disprove. 

The  fact  that  along  a  certain  line  through  the  Nanticoke 
Gap,  at  present  undetermined,  the  drift  must  be  200  feet 
deep  to  the  bottom  of  the  buried  valley  at  about  an  eleva- 
tion of  310  feet  above  tide  ;  when  considered  in  conjunction 
with  the  facts  already  presented  to  prove  that  the  buried 
valley  of  Newport  creek  must  have  had  an  outlet  toward 
the  north-east,  are  sufficient  to  warrant  the  assumption  that 
the  stream  occupying  the  buried  valley  south-west  of  Nan- 
ticoke joined  the  Susquehanna  river  in  front  of  the  gap. 
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and  that  the  river  occupied  the  same  general  position  in  the 
gap  as  it  does  at  the  present  time. 

From  the  south  end  of  the  Susquehanna  Coal  Company's 
coal  separator,  to  the  Nanticoke  Gap,  we  have  no  sufficiently 
precise  data  to  exactly  locate  the  bottom  of  the  buried  val- 
ley, in  the  same  way  that  the  bore-holes  drilled  to  the 
south-west  of  the  separator  have  permitted  us  to  locate  the 
bottom  of  the  valley  in  that  section.  We  have,  however, 
sufficient  facts  to  enable  us  to  approximately  locate  it. 

From  Nanticoke  Station,  on  the  Lehigh  and  Susquehanna 
railroad,  there  is  an  almost  continuous  line  of  outcrops  to- 
ward the  south-east.  About  700  feet  north-west  of  this 
station  is  located  the  mule  stable,  or  what  is  .commonly 
known  as  the  ^^  Red  Barn^^'^  of  the  Susquehanna  Coal  Com- 
pany. In  the  vicinity  uf  and  to  the  north-west  of  tliis 
stable  there  are  exposed  rock  outcrops.  Between  the  stable 
and  the  station,  however,  there  are  no  outcrops,  and  the 
buried  valley  no  doubt  lies  between  these  two  points.  The 
exact  location  of  the  buried  valley  from  a  line  between 
Breakers  Nos.  2  and  5,  through  the  gap,  cannot  be  deter- 
mined absolutely  by  the  facts  at  present  at  our  command. 
Rock  outcrops  are  found  north-west  of  Breaker  No.  2  and 
south-east  of  Breaker  No.  5. 

A  careful  consideration,  however,  of  all  outcropping 
rocks  in  the  Nanticoke  gap,  and  of  the  bore-holes  sunk  by 
the  Susquehanna  Coal  Company  on  the  flat  directly  east  of 
the  Nanticoke  Bridge,  suggests  two  or  three  lines  as  the 
center  of  the  buried  valley. 

Special  reference  to  the  location  of  the  valley  is  deferred 
until  a  more  detailed  report  on  this  subject,  which  it  is  pro- 
posed to  make  in  conjunction  with  a  careful  topographical 
map  now  being  constructed  by  the  engineers  of  the  Susque- 
hanna Coal  Company  of  the  present  surface  of  the  Wyom- 
ing valley  in  the  vicinity  of  Nanticoke.  Additional  records 
of  bore-holes  which  the  Company  propose  to  drill  will  per- 
mit of  the  more  satisfactory  consideration  of  this  subject. 

It  now  remains  to  trace  the  buried  valley  from  the  south- 
ern end  of  the  coal  separator  to  a  line  between  Nanticoke 
Stati(m  (L.  &  S.  K.  R.)  and  the  ^'Red  Barny     It  is  safe  to 
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assume,  from  the  facts  already  presented,  that  the  eleva- 
tion of  the  bottom  of  the  valley  in  the  Nanticoke  ^ap  is 
about  310  feet  above  tide,  and  the  elevation  of  the  bortom 
of  the  vallev  at  Bore-hole  No.  38  as  454  feet,  so  that  be- 
tween  the  coal  separator  and  the  gap  there  must  have  been 
a  fall  in  the  valley  of  143  feet  more  or  less.  In  locating 
the  buried  valley  between  these  two  points,  an  important 
question  suggests  itself  for  consideration,  and  that  is,  does 
the  valley  fall  at  an  even  grade  in  this  distance  of  about  1 
mile,  or  is  the  grade  interrupted  at  one  or  more  points  by 
water-falls? 

To  the  right  of  the  county  road  leading  from  the  Nanti- 
coke Station  (L.  &  8.  R.  R.)  towards  the  coal  separator,  and 
about  100  feet  east  of  the  sepaiutor  trestle-work,  a  bore-hole 
was  drilled  after  the  ^'cave-in^^  took  place,  as  a  relief 
measure.  This  bore- hole  was  located  by  the  miners'  relief 
committee  and  drilled  by  the  company.* 

The  position  of  this  hole  is  shown  on  the  accompanying 
plate  (page  626),  as  are  also  all  the  points  to  which  refer- 
ence is  made  in  this  report.  The  following  is  a  record  of  the 
Relief  bore-hole: 

1.  Soil,  sand,  eto., 218' 

2.  Sandstone  and  alate, 53'  10" 

8.  Open  space, 2'  to     8' 

4.  Loose  material, 2'  to     8' 

At  a  depth  of  between  150  and  155  feet,  water  was  en- 
countered coming  from  the  casing  of  the  hole.  The  eleva- 
tion of  the  top  of  the  hole  is  about  656  feet,  the  elevation 
of  the  solid  rock  encountered  in  the  hole  is  438  feet.     Tliis 

*This  hole  was  drilled  by  the  company,  no  doubt  as  all  the  other  relief 
measures  which  they  undertook,  at  the  instance  of  the  friends  of  the  impris- 
oned miners,  since  it  cannot  be  believed  that  any  one  familiar  with  the  mine 
and  the  facts  connected  with  the  accident  could  have  entertained  any  reason- 
able hope  that  the  miners  lived  many  hours  after  the  cave-in  took  place ;  In 
fact,  I  am  thoroughly  convinced  that  the  same  force  which  within  an  hour 
brought  material  from  the  cave-in  out  to  the  mouth  of  the  tunnel  opening 
Into  Slope  No.  1,  carried  similar  material  within  a  much  shorter  time  into  the 
rooms  south  and  east  of  the  cave-in,  in  which  the  imprisoned  miners  were 
supposed  to  hkve  been  at  the  time  the  accident  took  place,  and  I  believe  that 
all  the  men  here  entrapped  were  doubtless  dead  inside  of  an  hour.  It  is  un- 
necessary to  review  in  this  place  the  facts  and  circumstances  connected  with 
the  accident  which  lead  me  to  this  conclusion. 
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hole  riiiist  be  very  near  the  center  of  the  buried  valley, 
which  evidently  makes  a  sharp  turn  around  the  south  end 
of  the  separator  and  passes  over  the  'mine  workings  in  the 
vicinitv  of  the  bore-hole. 

The  slope  of  the  bottom  of  the  buried  valley  between 
Hole  No.  38  and  the  Relief  bore-hole  must  be  at  the  rate 
of  about  2  feet  per  hundred  unless  there  was  a  water  fall  in 
the  old  stream  occupying  the  buried  valley  between  these 
two  bore-holes.  The  buried  valley  must  have  approxi- 
mately the  position  which  is  here  suggested,  since  a  rock 
exposure  was  found  directly  east  of  the  point  where  the 
mine  workings  pass  around  the  end  of  the  anticlinal  in 
coming  from  the  "cai?<?-m"  around  to  the  position  of  the 
Relief  bore-hole.  The  elevation  of  the  rock  exposure  at 
the  point  referred  to  is  576  feet  above  tide,  or  139  feet  above 
the  solid  rock  first  encountered  in  the  Relief  bore-hole. 

In  the  vicinity  of  the  "caz?^  m"  the  buried  valley  doubt- 
less makes  a  sharp  turn  and  pursues  a  north-east  course  to  a 
point  between  the  Nanticoke  Station  and  the  ^^Hed  Barn^^ 
already  referred  to.  The  elevation  of  the  top  of  the  culm 
bank  over  the  ''  cave-in"'  was  709  feet  above  tide,  the  eleva- 
tion of  the  surface  of  the  ground  at  the  base  of  the  culm 
bank  is  662  feet,  and  the  elevation  of  the  roof  of  the  coal 
mine  under  the  "cnfo^  m"  at  the  point  where  the  "  cave- 
in^^  took  place  was  400  feet.  The  slate  roof  of  the  mine 
between  the  mine  workings  and  the  bottom  of  the  drift  in 
the  "  cace-in^^  at  this  point  was  probably  3  or  4  feet  thick 
so  that  the  elevation  of  the  solid  rock  under  the  ^' cave-in''^ 
was  probably  about  405  feet  above  tide. 

If  the  old  buried  valley  had  a  gradual  slope  from  the  Re- 
lief bore-hole  to  the  position  of  the  "cace-//?,"  the  bottom 
of  the  valley  sloped  at  the  rate  of  nearly  7  feet  in  a  hun- 
dred. How  far  this  north-west  course  which  has  been  sug- 
gested for  the  buried  valley  at  this  point  continued,  north- 
west of  the  ''ca»d-z/i,"  it  is  impossible  to  surmise,  since  we 
have  no  facts  bearing  upon  the  location  of  the  valley  be- 
yond the  ^'cace-in.^^  It  is  probable,  however,  that  the 
valley  made  a  sharp  turn  in  the  vicinity  of  the  ''cazj^-m," 
and  from  this  turn  had  a  more  or  less  direct  course  to  a 
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point  between  Nanticoke  Station  and  the  "  Red  Barn!"^  If 
between  the  ^^ cane-in'''^  and  a  line  between  Breakers  Nos. 
2  and  5  the  buried  valley  should  have  a  regular  slope,  it 
would  amount  to  about  4  feet  in  a  hundred. 

The  creek  which  flowed  in  the  buried  valley,  as  it  made 
a  sharp  turn  in  the  vicinity  of  the  "  ca«e-m,"  must  neces- 
sarily have  produced  a  whirlpool  in  the  water  at  tliis  point. 
The  diameter  of  this  whirlpool  and  its  depth  would,  of 
course,  depend  upon  the  amount  of  water  flowing  through 
the  buried  valley  and  the  velocity  which  it  had  at  the  point 
where  the  turn  was  made  in  its  course,  both  of  which  must 
have  been  considerable  from  the  fact  that  the  pool  contained 
large  rounded  pebbles  and  boulders  of  rocks  which  were 
evidently  whirled  around  in  the  pool  by  the  force  of  the 
water.  When  the  old  valley  was  ultimately  buried  by 
being  filled  up  by  the  drift  which  it  contains,  these  boul- 
ders and  pebbles  were  buried  in  the  pool  by  the  drift. 
When  the  "cat?e-m"  took  place  a  large  mass  of  these 
boulders  and  pebbles  were  found  in  the  gravel  and  soil 
which  flowed  into  the  mine  and  filled  up  a  large  i)art  of  the 
workings.  A  large  number  of  these  boulders  were  taken 
out  of  the  mine  workings  by  the  relief  workers,  when  the 
effort  was  made  to  get  to  the  miners  by  working  along  the 
tops  of  the  chambers  of  the  mine  workings. 

If  the  pool  had  not  existed  in  the  bottom  of  the  buried 
valley  where  the  "catje-m"  took  place  large  boulders  and 
pebbles  would  not  have  been  found  at  this  point  in  the 
valley,  since  there  must  have  been  a  low  point  or  "  sump  " 
to  have  held  the  boulders  and  pebbles  which  filled  the  mine 
at  the  time  the  "  cave-in^^  took  place,  and  which  low  point 
prevented  the  boulders  and  pebbles  from  being  rolled  down 
the  Newport  buried  vallej^  and  into  the  ancient  Susque- 
hanna river  flowing  in  the  valley  prior  to  the  time  that  it 
was  filled  by  drift. 

As  has  already  been  said,  it  is  impossible  to  determine, 
with  the  present  facts  at  our  hand,  whether  the  grade  in  the 
bottom  of  the  buried  valle\%  from  the  end  of  the  coal  sepa- 
rator to  the  *'caz?e-m,"  was  a  gradual  one,  or  whether  it 
was  interrupted  by  rapids  or  falls  at  different  points  ;  in 
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fact,  it  is  possible  that  the  low  grade  in  the  bottom  of  the 
buried  valley  from  Bore-hole  No.  14  to  Bore-hole  No.  38 
has  continued  at  the  same  rate  to  the  edge  of  the  ^^cave- 
in,^''  and,  if  this  is  so,  there  was  a  considerable  waterfall 
in  the  old  valley  at  the  point  of  the  ^'cave-in.^^  In  this  case 
the  ''  cai^e-hi^^  might  be  classified  under  the  head  of  a  pot- 
hole. It  would  be  different,  however,  from  the  Archbald 
pot-holes  from  the  fact  that  it  must  have  been  formed  in 
Pre-glacial  Times  rather  than  near  the  end  of  the  Glacial 
Epoch,  during  which  the  Archbald  pot-holes  were  evidently 
excavated.  The  sharp  turn  that  the  buried  valley  must 
have  taken  at  or  near  the  "  cave-in,^^  together  with  a  num- 
ber of  other  considerations,  induce  me  to  accept  the  former 
hypothesis,  that  is,  that  a  whirlpool  existed  in  the  vicinity 
of  the  ^'cave-i/t^^  rather  than  a  pot-hole. 

The  latter  hypothesis  has,  however,  been  more  generally 
accepted,  although  no  special  facts  have  been  advanced  by 
any  one  to  support  it. 

The  recent  discovery  of  the  Archbald  pot-holes,  and  a 
likeness  in  the  essential  features  of  these  holes  to  the  Nan- 
ticoke  ''ca^e-m,"  have  doubtless  been  the  reasons  why  the 
pot-hole  hypothesis  has  been  suggested  and  generally  ac- 
cepted. 

A  careful  study  of  the  facts  which  I  have  presented  in  con- 
nection with  these  two  geological  phenomena,  (the  Arch- 
bald holes  and  the  Nanticoke  *'caz?<?- //?,")  together  with 
those  presented  by  Mr.  Hill  in  his  description  of  the  buried 
valley,  more  particularly  between  Pittston  and  Kingston, 
should  incite  local  geologists  and  miners  to  explore  still 
further  these  geological  problems  which  are  so  important  in 
their  practical  bearings.  They  are  certainly  among  the  most 
important  which  the  Geological  Survey  has  to  deal  with  in 
this  region.  Unfortunately,  however,  few  facts  can  be  ob- 
tained except  through  drill-holes  or  shafts,  and  the  expense 
of  such  work  is  quite  beyond  the  resources  of  the  State 
Survey,  which  must  depend  upon  the  mining  companies 
for  such  records.  It  is  proposed  to  make  a  continued  study 
of  these  phenomena  as  facts  shall  be  obtained. 
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11. 

Description  of  the  Wyoming  Buried  Valley  between  Pitts 

ton  and  Kingston, 


By  Frank  A.  Hilim 


The  Susqtiehanna  river,  after  breaking  through  the  Lack- 
awannock  mountain,  at  Pittston,  Luzerne  county,  flows 
along  the  southern  borders  uf  Exeter,  Kingston,  and  Ply- 
mouth townships,  again  passes  out  through  the  same  mount- 
ain at  Nanticoke,  continues  along  the  southern  border  of 
Union  township  to  &hickshinny.  Here  bending  sharply 
south,  it  cuts  its  way  through  the  conglomerate  underlying 
the  coal  measures  and  flows  on  towards  the  town  of  Ber- 
wick, where  it  enters  Columbia  county. 

The  Lackawannock  mountain*  forms  the  northern  border 
of  the  Wyoming  coal-basin,  so  that  the  river  enters  this 
basin  at  Pittston,  leaves  it  at  Nanticoke,  and  crosses  it 
again  at  Shickshinny.  Along  its  course  lies  the  Wyoming 
Buried  Valley.  Its  history  is  one  of  the  greatest  interest, 
its  present  condition  one  worthy  of  study,  while  its  future 
record  will  be  largely  dependent  upon  the  influence  of  en- 
gineering foresight  and  skill. 

The  buried  valley  is  the  work  of  ages  of  erosion,  an  ero- 
sion which  has  obliterated  at  least  three  workable  coal-beds 
from  an  unknown  area,  and  cut  a  channel  through  the  Wy- 
oming basin  greater  in  depth  than  the  highest  artificial 
point  within  its  boundaries. 

The  study  of  this  valley  is  one  of  the  greatest  economic 
importance,  as  its  presence  is  a  constant  menace  to  life  and 
property.  The  determination  of  its  boundaries  is  a  matter 
of  vital  importance  to  land  owners,  operators,  and  miners. 
Professor  White  has  traced  this  ancient  valley  as  far  down 

*Thi8  mountain,  between  Pittston  and  Nantiooke,  is  known  as  the  Kingston 
mountain. 
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the  river  as  Berwick,  but  it  is  especially  within  the  bound- 
aries of  the  Wyoming  coal  basin  that  these  notes  refer. 

There  are  four  drift  plain  areas,  the  topography  of  which 
must  be  especially  noted  in  this  connection. 

1.  The  area  which  lies  between  West  Pittstou  and  the 
mouth  of  Toby's  Eddy,  at  Kingston,  and  between  the  Sus- 
quehanna river  on  the  south,  and  the  foot  of  the  Kingston 
mountain  on  the  north.  It  is  covered  with  drift  and  is  gen- 
erally flat,  at  no  point  rising  more  than  50  feet  above  the 
river  level. 

2.  That  along  the  south  side  of  the  river,  bounded  on  the 
south  by  the  Lehigh  Valley  railroad  extending  from  Port 
Blanchard  to  three-quarters  of  a  mile  north-east  of  the 
mouth  of  Mill  creek.  The  mine  workings  of  the  Wyom- 
ing, Henry,  and  Enterprise  collieries  honeycomb  the  Balti- 
more and  Hillman  beds  under  a  large  part  of  this  area. 

3.  That  along  the  north  edge  of  the  river  lying  south  of 
the  D.,  L.  &  W.  R.  R.  and  extending  from  the  western  end 
of  the  town  of  Plymouth  to  the  Susquehanna  Coal  Com- 
pany's breaker.  No  3.  This  same  area  is  continued  on  the 
opposite  side  of  the  river  in  the  "Nanticoke  flats,"  east  of 
that  town. 

4.  That  on  the  south  side  of  the  river,  extending  through 
the  city  of  Wilkes  Barre  and  from  the  Fish  Island  bend,  op- 
posite the  mouth  of  Toby's  Eddy,  to  the  mouth  of  Button- 
wood  creek,  near  Butzbach's  landing.  As  it  approaches  its 
western  end  it  is  bounded  on  the  south  by  the  bhiflf  along 
the  south  edge  of  Buttonwood  creek.  It  at  no  point  rises 
02'  above  the  level  of  the  river. 

Within  these  areas  there  are  no  rock  exposures,  nothing, 
in  fact,  but  the  mining  developments  to  give  any  idea  of 
the  true  position  of  the  bed  rock. 

Save  where  they  are  broken  by  streams,  the  river  foot 
hills  surround  these  flats  on  all  sides,  with  outcrops  of 
sandstones,  slates,  and  coals  in  each  plainly  exposed. 

There  is  great  doubt  tis  to  the  true  position  of  the  Buried 
Valley  between  Wyoming  and  its  intersection  with  the 
present  river  at  West  Pittston.  Wherever  else  its  north 
edge  has  been  developed  it  has  been  found  close  to  the 
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mountain.  This  is  possibly  the  case  east  of  Wyoming,  but 
the  little  information  we  possess  indicates,  I  think,  a  cir- 
cuitous and  complicated  course,  well  south  of  the  foot  of 
the  mountain.  The  piers  of  the  D.,  L.  &  W.  R.  R.  bridge  at 
West  Pittston  are  not  built  on  rock.  The  depth  of  ''was7i " 
here  is  about  50  feet.  At  the  upper  bridge  between  Pittston 
and  West  Pittston,  on  the  eastern  end,  the  rock  is  exposed 
at  low  water.  The  piers  of  the  lower  bridge  between  Pitts- 
ton and  West  Pittston  were  built  on  cribs  resting  on  gravel. 

The  Clear  Spring  shaft  cut  54  feet  of  ^'wash,-^  The  eleva- 
tion of  the  top  of  this  shaft  is  562  feet.*  The  elevation  of 
the  bottom  of  the  drift  is  therefore  508  feet  or  30  feet  below 
the  present  level  of  the  river.  At  the  Exeter  shaft,  at  West 
Pittston,  there  is  only  18  feet  8  inches  of  cribbing  to  the 
bed  rock.  This  makes  the  bed  rock  higher  than  the  present 
level  of  the  river. 

The  Knight  shaft  cut  92  feet  of  ''toash.''  The  elevation 
of  the  top  of  this  shaft  is  582  feet.  The  elevation  of  the 
bottom  of  the  "  wash^^  is  therefore  490  feet,  or  about  50  feet 
below  the  present  level  of  the  river. 

The  Nragara  shaft  never  reached  bed  rock,  it  being  im- 
possible to  pump  the  water  and  quicksand  as  fast  as  it  came 
into  the  shaft.  It  reached  a  depth  of  82  feet  before  it  was 
abandoned. 

The  Schooley  main  shaft  was  sunk  through  110  feet  of 
quicksand  and  loose  material.  The  elevation  of  the  top  of 
this  shaft  is  562  feet  and  of  the  bottom  of  the  drift  452  feet 
or  80  feet  below  the  river  level. 

The  Scliooley  air  shaft  was  reported  to  have  been  sunk 
through  122  feet  of  ''^strata^^  before  the  rock  corresponding 
to  the  bed  rock  in  the  main  shaft  was  cut.  This  122  feet  of 
'^ strata^ ^  cut  is  described  as  "a  very  soft  fire-clay  resemb- 
ling clay  after  being  mixed  with  water."  There  was  almost 
no  sign  of  quicksand  in  this  shaft,  but  judging  from  the 
description  given  me,  I  should  think  the  ^^ strata''''  cut  was 

*  AU  the  elevations  noted  in  tliis  description  are  based  on  the  tide  datum  of 
the  Lehigh  VaUey  Riilroad,  whioh  is  the  generally  accepted  datum  of  all 
levels  in  the  Wyoming  valley.  Many  of  the  elevations  are  only  approximate, 
that  is,  they  may  be  2  or  3  feet  more  or  less  than  those  reported  to  the  Survey. 
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a  drift  deposit.     If  this  conclusion  is  correct,  the  Schooley 

shaft  is  not  on  the  southern  brink  of  the  Buried  Valley,  as 

has  been  sometimes  asserted;  there  seems. to  be  nothing, 

'  ^  however,  in  the  vicinity  of  West  Pittston  which  absolutely 

.  determines  its  southern  boundary. 

On  the  W.  S.  Shoemaker  property,  in  the  town  of  Wy- 
oming, there  are  two  bore-holes  north  of  the  "Back  road," 
where  the  rock  was  cut  at  an  elevation  higher  than  the 
present  level  of  the  river.  In  a  bore-hole  on  the  same  prop- 
erty, 200  feet  south  of  the  back  road,  110  feet  of  drift  was 
cut.  The  elevation  of  the  top  of  this  hole  is  570  feet.  The 
elevation  of  the  bed  rock  is  therefore  460  feet,  or  70  feet 
below  the  present  level  of  the  river. 

Another  bore-hole,  150  feet  north  of  the  Coxton  Branch  of 
the  L.  V.  R.  R.,  cut  116  feet  of  ''wash.''  The  elevation  of 
the  top  of  this  hole  is  555  feet,  that  of  the  bed  rock  439  feet, 
or  91  feet  below  the  present  level  of  the  river.  Still  another 
bore-hole,  200  yards  south  of  the  Wyoming  road  on  the 
west  side  of  Railroad  street,  cut  119  feet  of  ''wash,''  The 
elevation  of  the  top  of  this  hole  is  670  feet.  The  bottom  of 
the  "wash"  is  therefore  451  feet,  or  79  feet  below  the  pre- 
sent level  of  the  river.  There  is  no  rock  exposed  in  this 
vicinity  north  of  the  river. 

There  are  several  bore-holes  on  the  Pennsylvania  Coal 
Comi)any'8  property  a  little  east  of  the  last-mentioned 
hole,  the  records  of  which  are  not  in  possession  of  the  Sur- 
vey. They  are  said  to  have  cut  about  the  same  thickness 
of  "wash"  as  the  Shoemaker  holes.  We  have  no  official 
authority,  however,  for  this  statement. 

On  the  Fuller  Coal  Company's  property,  one  mile  west 
of  the  town  of  Wyoming,  a  bore-hole  has  been  sunk  which 
cut  60  feet  of  "  wash."  The  elevation  of  the  top  of  this  hole 
is  570  feet,  the  elevation  of  the^bed  rock  is,  therefore,  510 
feet,  or  20  feet  below  the  present  level  of  the  river. 

In  a  bore-hole  sjink  350  feet  north  of  the  D.,  L.  &  W.  R. 
R.,  60  feet  of  "wash"  was  found.  The  elevation  of  the  top 
of  this  bore-hole  is  550  feet,  the  elevation  of  the  bed  rock  is, 
therefore,  490  feet,  or  40  feet  below  the  present  level  of  the 
river.  A  bore-hole  has  also  been  sunk  on  the  edge  of  the 
41 


642  GEOLOGICAL  SURVEY  OF  PENN'a,  1885. 

Wyoming  wagon  road.  The  elevation  of  the  top  of  this 
bore-hole  is  540  feet,  the  deptli  of  the  ^^was7i^^  is  80  feet, 
making  the  elevation  of  the  bed  rock  460  feet,  or  70  feet 
below  the  present  level  of  the  river. 

There  is  no  rock  exposed  between  the  Fuller  shaft  and  the 
river.  In  sinking  tiie  inside  slope  at  the  Fuller  colliery  a 
crevice  was  cut  in  the  rock  overlying  the  coal-bed,  which 
brought  in  so  much  water  that  the  colliery  was  Hooded. 
The  elevation  of  the  coal-bed  at  this  point  is  400  feet,  or  130 
feet  below  the  level  of  the  present  river. 

From  Pittston  to  the  Fuller  coUierv  the  north  edge  of  the 
buried  valley  has  not  been  definitely  outlined  ;  the  develop- 
ments so  far  noted,  however,  would  indicate  that  its  deepest 
point  was  not  far  north  of  the  river. 

At  the  Maltby  colliery  its  north  edge  is  definitely  deter- 
mined by  Shafts  Nos.  1  and  2.  The  bed  rock  is  cut  at  an 
elevation  higher  than  the  present  river  level.  The  workings 
in  the  Six-foot  bed  in  No.  1  shaft  were  driven  south  into  the 
^^ washy  (See  Cross  Section  No.  26,  Sheet  No.  IV,  and 
Mine  Sheet  No.  VII.)  This  point  of  contact  is  280  feet  south- 
east of  Shaft  No.  1,  and  clearly  places  the  north  edge  of  the 
buried  valley  between  it  and  the  shaft.  This  same  shaft  was 
sunk  to  the  Eleven-foot  bed,  and,  after  driving  down  the 
dip  (south-east)  about  1300  feet,  a  rock  plane  was  driven  up 
at  an  angle  of  20°,  with  the  object  of  cutting  the  Six-foot 
bed.  When  this  plane  had  been  driven  about  250  feet  it 
was  ^^Jioled^^  through  into  sand  and  water,  which  immedi- 
ately flooded  the  mine  and  produced  a  surface  cave  having 
an  area  of  ^  an  acre. 

An  inside  slope  sunk  south-east  of  Maltby  No.  2  shaft  in 
this  bed  300  feet  south  of  the  back  road^  was  obliged  to  leave 
the  coal-bed  and  cut  through  the  bottom  slate  owing  to  the 
bottom  of  the  '^was/i^^  reaching  to  the  top  of  the  bed.  The 
coal-bed  is  immediately  overlaid  by  a  "  slaty  shale."  As  the 
slope  continues  down  the  dip  with  suflicient  covering  for  min- 
ing the  point  above  referred  to  is  evidently  the  lowest  along 
the  slope  line.  The  elevation  of  the  point  where  this  bed, 
in  Maltby  No.  1  shaft,  comes  into  contact  with  the  '^wash^^ 
is  approximately  430  feet     This  is  about  100  feet  below 
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the  present  river  level.  The  top  of  the  rock  plane  in  Maltby 
No.  1  shaft  workings  where  the  ^'wash^^  was  struck  is  at  an 
elevation  of  395  feet,  135  feet  below  the  present  river  level. 
The  elevation  of  the  Eleven-foot  bed  in  the  slope,  from 
shaft  No.  2,  where  it  touches  the  drift  in  the  buried  valley- 
is  445  feet,  or  85  feet  below  the  present  river  level. 

There  are  several  bore-holes  on  the  Maltby  property  held 
by  the  Lehigh  Valley  Coal  Company  which  are  not  in  the 
possession  of  the  Survey.  They  may  possibly  throw  some 
light  on  the  southern  edge  of  the  buried  valley.  There  is 
no  rock  exposure  between  the  Maltby  shaft  on  the  north 
and  the  Susquehanna  river  on  the  south. 

The  Maltby  sand  shaft,  just  north  of  the  Wyoming 
wagon  road,  was  sunk  into  the  drift  but  never  reached  bed 
rock. 

At  the  Forty-Fort  colliery  the  north  edge  of  the  old  chan- 
nel is  located  within  a  few  feet  by  the  shaft  and  the  breaker 
bore-hole.  There  is  15  feet  of  ^^wasJi^^  cut  in  the  shaft.  This 
places  the  top  of  the  bed  rock  above  (probably  60  feet  above) 
the  present  river  level.  The  buried  channel  must  neces- 
sarily be  further  south.  The  breaker  bore-hole  is  300  feet 
south  of  the  shaft.  The  elevation  of  its  top  is  560  feet.  The 
^^was7i ''  in  this  hole  is  81  feet  4  inches  in  depth,  making  the 
elevation  of  the  bed  rock  479  feet,  or  about  50  feet  below  the 
present  level  of  the  river.  This  places  the  north  edge  of 
the  buried  valley  north  of  this  bore-hole,  and  consequently 
between  it  and  the  shaft.  North  of  the  D.,  L.  &  W.  R.  R., 
640  feet,  near  the  eastern  boundary  line  of  the  Forty  Fort 
property,  is  another  bore-hole.  The  elevation  of  the  top  of 
this  hole  is  550  feet,  the  depth  of  the  "^a^A"  144  feet  3 
inches,  making  the  elevation  of  the  top  of  the  bed  rock  406 
feet  9  inches,  or  about  125  feet  below  the  present  river  level. 
There  is  no  exposure  of  rock  between  this  bore-hole  and  the 
river. 

At  the  '' Harry  E."  shaft,  the  top  of  which  is  600  feet, 
there  is  about  85  feet  of  ''wasJi.^^  The  elevation  of  the 
bed  rock  here  is,  therefore,  515  feet ;  approximately  the 
same  elevation  as  the  present  level  of  the  river  bed.  Be- 
tween the  shaft  and  the  D.,  L.  &  W.  R.  R.  are  the  Tripp 
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Farm  bore-holes.  Tripp  Farm  bore-hole  No.  3  on  the  line 
of  dip  is  not  more  than  400  feet  south-east  of  the  shaft. 
The  elevation  of  the  top  of  this  hole  is  560  feet,  the  "i^a^A" 
is  87  feet  in  depth,  making  the  elevation  of  the  bottom  of  the 
^^wash^^  473  feet,  or  about  52  feet  below  the  present  level  of 
the  river.  This  places  the  north  edge  of  the  buried  valley 
between  the  No.  3  bore-hole  and  the  ''Harry  E."  shaft. 
Bore-holes  Nos.  1  and  2  are  between  the  D.,L.  &  W.  R.  R. 
and  the  Bore-hole  No.  3  above  mentioned.  They  show  the 
greatest  development  of  drift  (known  to  the  Survey)  in  the 
Northern  Coal-tield.  No.  1  shows  215  feet  of  ''wash.^^  The 
elevation  of  the  top  of  the  ''wash^^  is  550  feet,  the  elevation 
of  the  bottom  is  335  feet,  or  190  feet  below  the  present  level 
of  the  river.  No.  2  shows  191  feet  of  sand  and  clay.  The 
elevation  of  the  top  of  this  hole  is  550  feet  wliich  would 
make  the  elevation  of  the  bottom  of  the  clay  359  feet,  or 
166-f  feet  below  the  level  of  the  river. 

At  the  Black  Diamond  colliery  the  new  shaft  was  sunk 
through  105  feet  of  ^^wash,^^  The  elevation  of  the  top  of 
this  shaft  is  560  feet.  The  elevation  of  the  bottom  of  the 
''wasli^'  is  therefore  455  feet,  or  about  70  feet  below  the 
Susquehanna's  present  level.  This  shaft  is  evidently  in 
the  old  bed  of  Tobv's  creek. 

There  is  an  outcrop  of  sandstone  which  overlies  the  Red 
Ash  bed  in  Toby's  creek,  3300  feet  above  the  Black  Dia- 
mond shaft,  at  an  elevation  of  575  feet,  thus  showing  a  fall 
in  the  old  creek  bed  (if  such  it  was)  of  120  feet.  The  fall 
in  the  present  creek  between  these  two  points  is  now  15  feet. 
East  Boston  shaft  cut  but  15  feet  of  drift.  Pettibone  shaft 
cut  the  rock  at  82  feet.  The  top  of  the  shaft  by  actual  level 
is  21  feet  above  the  river  and  at  an  elevation  of  545  feet,  the 
elevation  of  the  bottom  of  the  "i/?a5A"  is  463  feet,  or  60 
feet  below  the  present  river  level. 

There  is  a  bore-hole  on  the  Lawrence  Myers  tract,  on  the 
Kingston  flats,  which  is  said  to  cut  the  bed  rock  at  a  depth 
of  69  feet.  The  elevation  of  the  top  of  this  hole  is  545  feet, 
and  of  the  bed  rock  476,  or  50  feet  below  the  present  level 
of  the  river. 
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Shafts,  Bobx-Holss,  Etc. 


Clear  Spring  Shift, 

Knight  Shaft, 

NlagaraShaft, 

Schooley  Shaft, 

Schooley  Air  Shaft, 

Shoemaker  Bore-hole, 

Shoemaker  Bore-hole, 

Shoemaker  Bore-hole, 

Fuller  Bore-hole, 

Fuller  Bore-hole, 

Fuller  Bore-hole, 

Fuller  Oolllery,  (creTlce  cut  In  slope,)    .  . 

Maltby  Shaft  No.  1,  (S-foot  bed  workings, ) 

Maltby  Shaft  No.  1,  (11-ft.  bed  rock^lane,) 

Maltby  Shaft  No.  2,  (11-ft.  bed  slope.  Inside) 

Forty  Fort  Breaker  Bore-hole, 

Forty  Fort  Bore-hole,  near  D.  L.  ft  W.  B.B. 

"HarreyE"  Shaft, 

Tripp  Farm  Bore-hole  No.  1, 

Tripp  Farm  Bore-hole  No.  2, 

Tripp  Farm  Bore-hole  No.  8, 

Black  Diamond  New  Shaft, 

Fettlbone  Shaft,      

Bore-hole  on  r<awrence  Myers^  tract,  .  .  . 

Woodward  Farm  Bore-hole,  No.  1,*    ... 

Woodward  Farm  Bore-hole,  No.  l,t    . 

Woodward  Farm  Bore-hole,  No.  2,  .  .  .  . 
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o 

a 
o 

Vi 

o 

5 

1 

4*  ••     •> 

o  . 

Is 

West  Pittoton, 

662 

64 

608 

80 

do. 

682 

92 

490 

60 

do. 

•      •      • 

82 

do. 

662 

110 

462 

80 

do. 

«       •      • 

122 

Wyoming, 

670 

110 

460 

70 

do. 

656 

116 

489 

91 

do. 

670 

119 

461 

79 

do. 

670 

60 

610 

20 

do. 

660 

60 

490 

40 

do. 

640 

80 

460 

70 

do. 

400  + 
480 

180 

Maltby,   .  .  , 

•              • 

.  •  •    • 

100 

do.      .  .  . 

896 
446 

186 

do.      .  •  1 

•      • 

.... 

86 

Forty  Fort,   , 

660 

81' 4" 

479 

60 

do. 

660 

144'  8" 

406' 9" 

126 

Luzerne  boro% 

600 

86 

616 

10 

do. 

660 

216 

886 

190 

do. 

660 

191 

869 

166 

do. 

660 

87 

478 

62 

do. 

660 

106 

466 

70 

Kingston,  .  .  . 

646 

82 

468 

60 

do.          .  .  . 

646 

69 

476 

60 

do.         .  .  . 

626 

160 

866 

146 

do.          .  .  . 

626 

40 

486 

26 

do.          .  .  . 

620 

202 

818 

192 

Kingston  twp. , 

•             • 

.... 

•      •      •      • 

880 

Nanticoke,    .  . 

662 

267 

406 

110 

do. 

• 

666 

218 

488 

77 

*  Record  obtained  f^om  L.  ft  W  B.  0.  Co. 

t  Record  obtained  trom  I.  A.  Stearns,  C.  and  M.  E. 
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The  elevation  of  the  month  of  Toby's  creek  is  abont  510 
feet. 

The  elevation  of  the  top  of  the  Woodward  farm  bore- 
hole. No.  1,  is  525  feet,  and  is  just  at  the  foot  of  Ross'  hill, 
which  rises  to  the  west  and  north-west  very  rapidly  and 
exposes  sandstones  and  slates  (and  a  coal-bed)  for  at  least 
150  feet  above  the  bore-hole.  The  depth  of  the  hole  to  bed 
rock,  according  to  the  record  obtained  from  the  L^^high  and 
Wilkes  Barre  Coal  Co.,  is  160  feet.  This  would  make  the 
elevation  of  the  bottom  of  the  "tra^A"  365  feet.  Another 
record  of  this  hole,  obtained  from  Mr.  I.  A.  Stearns,  shows 
about  40  feet  of  ^'wash.^^  This  makes  the  elevation  of  the 
top  of  the  bed  rock  485  feet.  If  the  L.  &  W.  B.  C.  Co.'s  re- 
cord is  correct,  the  bottom  of  the  ^'wash-^  is  145  feet  l)elow 
the  river.  If  Mr.  Steams'  record  is  correct,  it  would  be  25 
feet  below  the  river.  This  bore-hole,  in  connection  with  the 
exposures  in  Ross'  hill,  locates  the  northern  edge  of  the  Bu- 
ried Valley  within  a  few  feet.  The  elevation  of  Woodw^ard 
farm  bore-hole.  No.  2,  is  520  feet.  The  depth  of  the  "i^a^A" 
is  202  feet,  making  the  elevation  of  this  point  318  feet,  or  192 
feet  below  the  river.  Near  the  mouth  of  Toby's  creek,  be- 
tween it  and  the  Wilkes  Barre  bridge,  a  channel  has  been 
cut  in  the  river  bed  on  the  south-west  side  of  Fish  island, 
but  no  rock  was  encountered.  There  is  no  rock  supporting 
the  Wilkes  Barre  bridge  piers. 

For  1200  to  1500  feet  below  the  mouth  of  Toby's  creek  the 
rock  outcrop  extends  some  distance  into  the  river.  There 
are  no  recorded  developments,*  either  by  drill  or  mining, 
on  the  broad  flat  extending  from  South  Wilkes  Barre  to 
Butzbach's  landing,  neither  are  there  any  rock  exposures 
within  this  area. 

It  will  be  noted  that  the  above  developments  generally 
relate  to  the  north  edge  of  the  Buried  Valley.  There  are 
none  to  definitely  determine  the  southern  edge.  On  the 
southern  side  of  the  Susquehanna,  from  Pittston  to  the 
old  canal  basin  at  Wilkes  Barre,  there  is  an  almost  con- 

*The  only  mining  development  in  this  vicinity  is  that  at  the  Battonwood 
shaft  This  shaft  is  located  near  the  southern  edge  of  the  river  flat.  There  is 
no  reliable  record  of  it«  working  extant. 
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stant  succession  of  rock  exposures  which  extend  into  tlie 
river.  These,  however,  are  all  lost  here  and  do  not  appear 
on  the  north  side  of  the  river. 

The  workings  of  the  Prospect  and  Henry  collieries  now 
extend  across  the  river,  the  highest  point  developed  north 
of  the  river  in  either  of  these  collieries  being  at  an  eleva- 
tion of  160  feet,  365  feet  below  the  present  level  of  the 
river,  and  175  feet  lower  than  the  lowest  point  developed 
in  the  bore-holes  further  north. 

There  have  already  been  several  accidents  from  the  con- 
tact of  the  mine  workings  with  this  hidden  channel,  all 
either  fatal  to  life  or  destructive  to  property.  The  work- 
ings from  a  number  of  collieries  are  now  approaching  the 
Buried  Valley  areas.  Whatever  of  risk  there  has  been  be- 
fore will  be  multiplied  proportionally  by  the  number  of 
new  breasts  and  gangways  that  enter  this  comparatively 
unknown  territory,  while  the  possible  shifting  of  the  pres- 
ent river  will  add  to  the  element  of  danger. 

To  guard  against  a  hidden  danger  is  always  most  difficult. 
Such  a  danger  is  here,  and  its  avoidance  is  a  question  to  be 
solved  by  the  engineers  and  superintendents  of  the  region. 


III. 


Description  of  a  New  Substance  resembling  Doppleiite 
from  a  Post-Olacial  Peat  Bog  at  Scranton, 


By  Pbofessob  Hbnrt  CABvii.ii  Lbwib. 


In  the  course  of  an  excavation  for  a  new  court-house  at 
Scranton,  Pa.,  made  July,  1880,  a  very  interesting  sub- 
stance was  discovered,  specimens  of  which  were  sent  to  the 
writer  at  that  time  for  investigation.  The  excavation  cut 
through  a  peat  bog,  and  it  was  at  the  bottom  of  this  bog, 
some  25  feet  from  the  surface  of  the  ground,  that  the  sub- 
stance here  referred  to  was  found. 

It  appears  that  formerly  there  had  been  a  lake  or  swamp 
at  this  place,  which  with  the  extension  of  the  town  had 
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been  filled  up.  Below  eight  feet  of  cinder  and  other  rub- 
bish there  is  a  bed  of  peat  10-12  feet  in  thickness.  The 
peat  is  said  to  be  a  good  f  nel  after  drying.  Beneath  the  peat 
is  a  deposit  of  '*  swamp  muck,"  or  carbonaceous  rand, 
which  dries  to  a  hard  compact  gray  mass,  burning  with  dif- 
ficulty. In  this  ''muck"  are  numerous  plant  remains  and 
occasional  seeds. 

The  whole  deposit  rests  upon  glacial  till  or  **hardpan," 
and  is  therefore  of  post-glacial  origin. 

Scranton  is  in  the  glaciated  portion  of  the  State,  and  the 
peat  bog  found  here  is  one  of  the  many  which  owe  their 
origin  to  glacial  causes.  These  peat  bogs  have  been  formed, 
for  the  most  part,  in  former  swamps  or  lakes  caused  by  the 
damming  up  of  streams  by  ridges  of  drift  deposited  at  the 
time  of  the  melting  of  the  glacier. 

Near  the  bottom  of  the  Scranton  peat  bog  are  irregular 
veins  filled  with  a  black  jelly-like  substance,  elastic  to  the 
touch.  The  veins  of  this  substance,  which  are  confined  to 
the  muck  above  described,  vary  in  width  from  a  mere  stain 
to  between  two  and  three  inches,  and  make  all  angles  with 
the  horizon,  being  frequently  nearly  perpendicular. 

The  substance,  as  thus  found,  has  the  following  proper- 
ties: When  first  taken  from  the  ground  it  is  jelly-like  in 
consistency,  breaking  with  a  conchoidal  fracture,  and  hav- 
ing a  hardness  of  less  than  1.  Immediately  on  exposure 
to  the  air  it  becomes  tougher  and  more  elastic,  resembling 
India  rubber.  It  may  be  preserved  in  this  condition  if 
kept  in  alcohol.  The  substance  is  black  by  reflected  light. 
When  a  thin  slice  cut  by  a  knife  is  examined  under  the 

[NoTB.— Tbis  paper  was  read  by  Professor  Lewis  before  the  Ameiioaa  PhU- 
osophical  Hociety,  December  2, 1881,  and  is  a  oarefuliy  prepared  and  oompiete 
description  of  the  mineral  from  the  court-house  exoavation.  The  same  min- 
eral has  since  been  found  by  Mr.  Frank  A.  Hill  in  the  excavation  for  the  Toang 
Men's  Christian  Association  building,  about  600  feet  north-west  of  the  court- 
house. 

Attention  was  first  called  to  this  peat  bog  and  the  ^^Dopplerite*^  by  Mr. 
John  Ton)linson,  of  the  Scranton  IHmeSt  in  a  letter  written  by  him  to  Mr.  P. 
W.  Sheafer,  Geologist  and  Engineer  of  the  Mines  of  Pottsville. 

In  this  letter,  from  which  I  am  permitted  to  quote,  Mr.Tomlinson  says :  **I 
have  sent  you  a  sample  taken  from  the  muck  or  peat  of  a  dwamp  in  Scranton, 
which  is  being  excavated  to  build  the  court-house.  Formerly  there  was  a 
lake  iu  the  spot,  but  a^  the  town  grew  it  was  flUed  up  with  dnder  and  alag 
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microscope  it  appears  brownish-red  by  transmitted  light, 
and  is  nearly  homogeneous  in  character. 

Occasional  seeds  occur  in  this  substance  as  well  as  in  the 
surrounding  peaty  matter.  In  general  appearance  they  re- 
semble the  seeds  of  certain  Oyperacece,  Under  the  micro- 
scope their  surface  is  seen  to  be  curiously  marked  with  ir- 
regular wavy  outlines.  Professor  J.  T.  Rothrock  has  been 
kind  enough  to  make  some  sections  of  these  seeds  and  re- 
ports concerning  them  that  they  have  the  character  of 
spores  of  one  of  the  higher  cryptiOgams,  "prohsLhly  Mars  ilia. 
He  states  that  Marsilia  is  a  bog  plant,  which  is  found  dur- 
ing later  geological  time,  and  that  the  general  shape  and 
size  of  its  fruit  corresponds  with  that  of  the  specimens  un- 
der examination.  The  outer  coat  is  made  up  of  outwardly 
pointing  prismatic  columns,  the  extremities  of  which  give 
the  peculiar  wavy  appearance  on  the  surface  of  these  peat 
seeds.  Yet,  since  the  interior  bag  and  its  contents  can  be 
reduced  neither  to  an  embrvo  nor  to  the  interior  structure 
of  the  Marsilia^  it  is  not  possible  to  assign  the  seeds  defi- 
nitely to  that  species.  No  other  recognizable  organisms 
have  been  noticed  in  the  substance  here  described. 

The  black  jelly  is  tasteless  and  odorless.  If  placed  in 
the  flame  of  a  Bunsen  burner  before  drying,   it  burns 

from  the  TiRckawanDa  Iron  and  Coal  Company's  fhrnaoen.  In  excavating  for 
the  foundation  about  twelve  feet  of  dnder  have  been  removed,  and  below  this 
is  found  about  fifteen  feet  of  turf  or  peat,  perfectly  free  from  anything  but  veg- 
etable matter,  and  which  burns  when  partially  dried  precisely  as  Irish  peat 
does.  The  specimen  I  send  you  is  taken  from  a  bog  about  two  feat  from  the 
bard  pan,  or  twenty-six  feet  below  the  surface.  The  vein  of  black  formation 
which  has  excited  great  curiosity  here  stands  perpendicu  ar,  so  far  as  has  been 
yet  seen,  and  seems  to  be  general  over  the  area  excavated  at  that  depth.  In 
some  places  it  only  amounts  to  a  stain,  but  generally  the  black  substance, 
is  from  half  an  inch  to  two  and  a  half  inches  in  thickness.  It  is  the  primary 
process  of  change  from  peat  to  coal.  When  first  exposed  to  the  air  it  is  a  stiffi 
Jelly-like  substance,  with  fractures  when  heated  exactly  like  anthradte  coal. 
Some  of  it  has  been  dried  and  pulverized  very  easily  to  a  fine  dust." 

At  the  request  of  Mr.  Sheafer  I  forwarded  a  sample  of  the  peat  to  Mr. 
Andrew  8.  McCreath,  State  Chemist,  which  was  analyzed  by  his  assistant,  Mr. 
Stmson,  on  July  9th,  and  on  the  16th  I  wrote  Mr.  Tomlinson,  giving  a  general 
description  of  the  probable  method  of  the  formation  of  the  peat  bog  and  the 
Jelly-like  substance  which  it  contained. 

The  first  published  reference  to  this  peat  bog  and  mineral  was  made  in  the 
Scranton  Times.— C  A.  A.] 
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slowlv  and  without  flame.  It  is  almost  insoluble  in  water, 
alcohol,  or  ether,  but  is  almost  completely  dissolved  in 
caustic  potash,  and  from  the  dark-brown  solution  thus 
formed  may  be  precipitated  in  reddish-brown  flocculent 
masses  by  the  addition  of  an  acid. 

After  exposure  to  the  air  until  completely  dry,  the  sub- 
stance becomes  brittle  and  nearly  as  hard  as  coal.  In  this 
condition  it  resembles  jet  or  some  of  the  varieties  of  lignite, 
and  might  readily  be  mistaken  for  those  substances.  It  ac- 
quires a  hardness  of  2.5,  and  has  the  brilliant  resinous  lus- 
ter and  conchoidal  fracture  of  the  true  coal. 

It  has  a  specific  gravity  of  1.032.  It  is  jet  black  in  the 
mass,  but  in  powder  is  dark-brown.  It  now  burns  with  a 
clear  yellow  flame.  Soaking  in  water  will  not  soften  it  ap- 
preciably. In  the  closed  tube  it  gives  off  water  and  abund- 
ance of  oil  and  empyreumatic  vapors.  The  latter  are  in  the 
form  of  a  white  smoke  which  can  be  lighted  at  the  end  of 
the  tube. 

In  solubility  it  is  like  the  undried  substance.  Hot  alco- 
hol dissolves  a  small  portion,  and  forms  a  pale  yellow  solu- 
tion. On  treatment  with  causlic  potash  it  dissolves  com- 
pletely, with  the  exception  of  an  extremely  slight  residue 
of  impurities.  It  will  dissolve  even  in  the  cold.  This  test 
serves  to  distinguish  the  dried  substance  from  brown  coal 
or  lignite,  which  are  but  partially  soluble  in  alkalies. 

A  very  slight  trace  of  ammonia  is  given  off  on  heating 
with  caustic  potash.  By  dissolving  in  a  standard  solution 
of  alkali,  and  titrating  with  standard  acid,  it  is  found  that 
the  substance  has  an  acid  reaction.  It  is,  therefore,  an  or- 
ganic acid  or  a  mixture  of  such  acids. 

The  i)hysical  characters  of  this  substance  areclosely  allied 
to  Dopplerite^  but  its  chemical  composition,  as  will  be  seen 
from  its  analysis,  proves  it  to  be  an  undescribed  substance. 

Mr.  John  M.  Stinson,  assistant  chemist  of  the  Sur\'ey, 
has  made  the  following  analysis.  The  substance  was  care- 
fully separated  from  the  surrounding  earthy  material,  and 
dried  at  212°  F.  before  analysis.  Carbon  and  hydrogen 
were  determined  in  duplicate,  the  two  determinations 
closely  agreeing : 
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Carbon 2&980 

HydroKOOi 5*172 

Nitrogen 2.466 

Oxygen 66.988 

Ash, •     6.400 

100.000 


Approximate  analysis  of    the  dry   separated   material 
gave: 

Volatile  matter, 72.190 

Fixed  carbon, 21.410 

Ash, 6.400 

100.000 


Subtracting  the  amount  of  ash  from  the  first  analysis,  we 
have  : 

C, 30.»71 

H, 6.626 

O-f-N, 68.603 

100.000 


From  this  we  may  deduce  the  empirical  formula  Cio 
HggO,  g.  This  formula  would  yield  the  calculated  compo- 
sition : 

C 80.16 

H, 6.68 

O  +  N, 64.82 

100.00 


In  giving  the  above  formula  it  is  by  no  means  assumed 
that  it  represents  a  simple  mineral  substance.  It  is  merely 
a  convenient  expression  of  its  composition.  It  is  probable 
that  the  substance  here  described  is  a  complex  organic  acid 
containing  water.  The  nitrogen  may  possibly  exist  as  am- 
monia. The  small  amount  of  carbon  and  the  excess  of  hy- 
drogen distinguish  this  substance  from  other  organic  acids. 
By  the  subtraction  of  NH4O,  and  one  or  more  parts  of 
H3O  from  the  formula,  it  may  be  more  closely  allied  to 
some  of  the  organic  acids  which  form  humicacid,  the  form- 
ula of  which  is  so  variously  given  by  different  authors. 
The  determination  of  the  true  formula  of  the  acid  here  an- 


652  GEOLOGICAL  SURVEY  OF  PENN'a,  1885. 
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alyzed  can  only  be  determined  after  the  formation  of  an 
organic  salt  with  lead  or  silver.  The  absence  of  any  exact 
knowledge  concerning  the  composition  of  the  organic  acids 
existing  in  humus,  as  recently  shown  by  Julien,*  renders 
it  diflScult  to  express  definitely  the  chemical  relations  of 
the  substance  under  discussion. 

The  relation  which  it  bears  to  its  nearest  ally,  Dopplerite, 
may  best  be  seen  after  a  review  of  the  facts  as  yet  gathered 
about  that  curious  mineral. 

The  mineral  known  by  that  name,  and  generally  regarded 
as  allied  to  humic  acid,  was  first  found  in  a  peat  bog  near 
Aussee,  Austria,  at  a  depth  of  6  to  8  feet  below  the  surface. 
It  was  a  black  gelatinous  substance,  known  by  the  peat-cut- 
ters as  ^*  Moder-substaaz^^^  which,  after  exposure  to  the  air, 
became  at  first  elastic  and  afterwards  brittle,  assuming  the 
luster  of  coal.  Doppler  drew  attention  to  this  substance  in 
a  paper  entitled,  "On  a  Remarkable  Gelatinous  Substance 
Discovered  in  AustriU,."  read  before  the  Vienna  Academy  in 
1849,t  and  stated  that  it  was  nearly  insoluble  in  water,  alco- 
hol, and  ether,  but  almost  entirely  dissolved  by  caustic 
potash. 

Having  been  referred  to  Haidinger  and  Schrotter  for  fur- 
ther examination,  it  was  fully  described  and  named  by  them 
a  week  later.'  Schrottei*:}:  found  its  composition  to  be  (after 
drying  at  212°  F.): 

C, 48.06  or  without  ash. 

H, 4.93  O, 6L68 

0 40.07  H, 6.84 

N, 1.03  0-j-N 43.03 

Ash, 6.86 

Haidinger  named  the  substance  and  described  its  physi- 
cal properties.  He  stated  the  observation  of  Lowe  that  it 
burned  without  flame,  and  that  of  Ettinghausen  that  it  con- 
tained recognizable  vegetable  organisms. 

In  1858  G6mbel§  announced  that  a  substance  very  similar 

*Proo.  A.  A.  A.  S.,  1876,  p.  311. 

fSitzunsb.  d.  k.  Acad.  d.  Wisa.    Wien,  1849,  vol.  i,  p.  289. 

%  Loo.  dt.,  p.  286. 

§  Neues  Jahr.,  f  Min.,  1868,  p.  278. 
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to  Dopplerite  occurred  in  a  peat-bed  near  Berchtesgaden, 
Bavaria.  Like  the  substance  from  Scran  ton,  a  black  jelly- 
like substance  was  found  as  irregular  and  sometimes  nearly- 
vertical  veins  of  varying,  but  slight  thickness,  in  the  lower 
part  of  the  peat.  It  was  known  as  Peat-Pitch-Coal.  It 
was  very  slightly  soluble  in  alcohol,  giving  it  a  pale  yellow 
color,  but  was  almost  completely  soluble  in  alkali.  Unlike 
the  original  dopplerite,  it  burned  with  a  yellow  flame. 
Gombel  indicated  the  chemical  changes  which  converted 
wood  into  peat,  and  showed  that  dopplerite  had  the  same 
composition  as  peat,  and  was,  in  fact,  a  truly  homogeneous 
peat. 

In  1863  dopplerite  was  discovered  in  a  peat-bog  at  Ob- 
burg,  Switzerland,  and  was  described  by  Kauffman,  who, 
in  an  important  paper,*  showed  that  it  had  the  same  phys- 
ical properties  and  chemical  composition  as  the  dopplerite 
of  Aussee. 

It  occurred  in  a  black  peat  at  a  depth  of  12  to  14  feet  in 
layers,  sometimes  a  foot  in  thickness.  Except  in  burning 
without  flame,  its  physical  properties  were  nearly  identical 
with  the  Scranton  substance.  The  air-dried  dopplerite  lost 
19.7  per  cent,  of  water  at  a  heat  of  110°  C,  and  according 
to  Muhlberg  had  the  following  composition : 

O, 52.2 

H, 6.9 

O  +  N, 86.7 

Aah, 6  2 

99.0 


By  dissolving  in  caustic  potash,  precipitating  by  acid,  and 
then  analyzing  the  dried  precipitate,  a  similar  composition 
was  obtained.  Kauffmann  concludes  that  dopplerite  con- 
sists of  one  or  more  of  the  humous  acids,  and  shows  that 
the  portion  of  peat  soluble  in  alkali  is  identical  with  dop- 
plerite, and  that  compact  peat  contains  minute  black  parti- 
cles of  dopplerite.  Peat  is  therefore  a  mixture  of  doppler- 
ite with  partially  decomposed  plant  remains ;  while  dop- 
plerite itself  may  be  regarded  as  a  homogeneous  peat  in 

*  Jahr.,  d.  k.  k.  Geol.  Reiob,  V^ien.  1865,  Vol.  zv,  p.  288. 
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which  all  organisms  have  been  decomposed.  He  shows 
that  in  different  peats  the  proportion  of  dopplerite,  or  part 
soluble  in  alkali,  increases  with  the  age  of  the  peat,  while 
the  contrary  is  the  case  with  mineral  coal.  Thus  in  a  re- 
cent i)eat  but  25-30  per  cent,  was  soluble,  in  an  old  compact 
peat  the  proportion  was  77  per  cent.  On  the  other  hand, 
the  solubility  of  coal  decreases  with  its  age,  as  shown  in 
the  following  table,  where  the  figures  represent  the  degree 
of  solubility  in  alkali: 

(Dopplerite,) (100) 

«Slateo(Ml,"a  woody  lignite,  DUuYial, 75 

Brown  ooal,          42 

•<Pitohooai/' Upper  Miocene 10 

"            Lower       »• 5 

BitaminouB  ooal,  Eocene, 2. 3 

**             "     Garboniferomi, trace 

Anthracite, 0 

He  concludes  that  in  the  formation  of  coal  from  peat,  the 
first  step  of  the  process  is  the  formation  of  dopplerite,  and 
the  second  the  gradual  transformation  of  the  latter  into  a 
material  less  soluble  in  alkali  and  richer  in  carbon. 

Several  other  European  localities  for  dopplerite  have  more 
recently  been  discovered. 

A  substance  resembling  dopplerite  in  the  peat  of  Hagnet- 
swyll,  St.  Gall,  Switzerland,  mentioned  by  Deicke,*  burns 
with  flame,  and  is  regarded  by  Kenngott  as  having  charac- 
ters more  nearly  approaching  those  of  Pyropissite  or  Mel- 
anchyme.  It  possibly  is  more  analogous  to  the  substance 
from  Scran  ton. 

Dopplerite  has  not  as  yet  been  discovered  in  America. 
While  the  substance  described  in  the  present  paper  more 
nearly  resembles  dopplerite  than  any  other  known  mineral, 
it  differs,  as  already  shown,  both  in  composition  and  in  its 
behavior  when  burning. 

A  distinguishing  feature  of  the  Scranton  mineral  is  its 
very  low  percentage  of  carbon.  Dopplerite  has  almost  the 
precise  composition  of  peat,  and  peat,  as  is  well  known, 
contains  more  carbon  than  is  contained  in  wood.  Yet  the 
Scranton  minei-al  contains  even  less  carbon  than  is  contained 

*Neuee  Jahr.  f.  Nim.,  1858,  p.  (568. 
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in  wood.*  The  empirical  formula  of  the  Scranton  mineral 
gives  a  larger  amount  of  hydrogen  than  is  expressed  in  the 
formulas  of  any  similar  substance. f 

•  

A  notice  of  this  substance  was  given  by  Mr.  T.  Cooper, 
in  the  Engineering  and  Mining  Journal,  Aug.  13,  1881.  A 
week  later  Mr.  C.  A.  Ashburner  contributed  to  the  same 
Journal  the  following  analysis,  made  by  Mr.  J.  M.  Stinson  : 

Water  at  2120, 66.768 

Volatile  matter, 0.826 

Fixed  oarbon, 4.012 

A8h, 19.404 

100.000 


Mr.  Stinson  informs  the  writer  that  this  analvsis  was 
made  of  a  sample  consisting  of  a  mixture  of  peat,  muck, 
and  the  jelly-like  substance,  and  that  as  no  attempt  was 
made  to  separate  the  latter,  the  analysis  is  not  of  scientific 
value. 

Special  interest  is  attached  to  the  substance  here  de- 
scribed as  being  perhaps  an  intermediate  product  between 
peat  and  coal.  While  the  quaternary  lignites  illustrate  the 
transformation  of  wood  with  coal,  this  substance  illus- 
trates a  similar  change  from  peat.  As,  by  the  investiga- 
tions of  Kauffman,  it  was  shown  that  the  formation  of  dop- 
plerite  preceded  that  of  any  of  the  varieties  of  coal,  so  in 
the  present  case  we  have  perhaps  a  yet  earlier  stage. 

The  characters  of  the  Scmnton  mineral  entitle  it  to  a  dis- 
tinctive place  among  the  hydrocarbons  of  natural  origin. 
It  has  been  the  custom  among  mineralogists  to  regard  these 
substances  as  mineral  species.  In  view,  however,  of  the 
objection  to  adding  new  mineral  species  whose  distinctive 

*The  oompositioD  of  peat  is  aboat : 

C  H  O-fN  Ash. 

61  6  83  =100 

The  average  oompoei'ion  of  wood  is : 

C  H  O  t-N  Ash. 

49.6  6.1  43.1  L2=100 

V.  Coal,  its  History  and  Uses.    Thorpe,  etc.,  p.  165. 

t  The  formula  of  dopplerite  has  beea  given  as : 

C40  H,B  O25  (Gmelin); 

Cje  H^o  Oio  (Desoloiaeauz); 

Cio  He  Oa  (Dana.) 
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characters  are  made  prominent  only  by  analysis,  the  writer 
believes  that  it  would  be  more  advisable  to  combine  those 
already  described  under  generic  names,  and  to  regard  the 
minerals  included  in  such  genera  as  varieties. 

In  the  present  case  we  have  to  do  with  k  black  jelly-like 
substance  derived  from  vegetable  decomposition,  which, 
with  a  different  composition  and  with  somewhat  different 
physical  properties,  has  been  found  in  similar  geological 
conditions  in  several  parts  of  Europe.  It  is  therefore  sug- 
gested that  all  of  these  substances  be  combined  under  one 
generic  name.  The  name  ^^Phytocollite'^''  (v''OT(Jy, /^>l^a)  sig- 
nifying ''plant- jelly,"  would  include  all  jelly-like  sub- 
stances formed  by  the  decomposition  of  plant  matter.  Dop- 
plerite  would  then  be  regarded  as  one  of  its  varieties,  the 
mineral  described  by  Diecke  would  be  another,  and  the 
mineral  from  Scranton  yet  another. 


Same  general  considerations  of  the  pressure^  quantity^ 
composition^  and  fuel-value  of  rock- gas  orthenataral 
gas  of  the  oil  regions  of  Pennsylvania. 


By  J.  P.  Lbslet. 


1.  Rock-gas  pressure. 

The  condition  of  the  underground  world  of  rocks  varies 
-with  the  internal  constitution  of  its  beds. 

A  bed  of  plastic  clay  yielding  to  the  pressure  of  its  own 
weight  will  adjust  itself  upon  its  bed  everywhere  alike,  and 
fill  up  any  vacancies  produced  by  chemical  or  mechanical 
solution,  or  by  movements  in  its  bed.  Consequently  no 
percolation  of  its  fluids  is  possible  through  a  plastic  clay- 
bed  ;  it  will  absorb  a  certain  amount  of  fluids  and  retain 
them.* 

On  the  contrary,  a  stratum  of  quartz-conglomerate 
cemented  by  clay  may  have  all  its  clay-cement  washed  out 
of  it  without  re-adjusting  its  bulk  beyond  what  movement 
is  iiecessary  to  cause  all  its  pebbles  to  touch  and  supjport 
each  other.  In  this  condition  a  bed  of  quartz-pebbles  can 
sustain  the  weight  of  a  great  height  of  country  above  it. 
In  getting  into  this  condition  the  pebbles  will  move  upon 
^ach  other  because  of  their  different  sizes,  and  some  of  them 
will  be  fmctured  because  of  different  hardness  and  soft- 
ness, but,  in  the  end,  all  will  come  to  rest,  supporting  each 
other  and  the  countrv  above. 

The  size  of  the  pebbles  is  of  no  account  in  the  general 
statement.  They  may  be  as  large  as  cannon  balls,  or  as 
small  as  a  pin's  head.     If  they  all  touch,  the  stratum  will 

*By  percolation  is  meant  here  a  sensible  flow.  In  ttie  true  sense  of  the  term 
peroolation  is  possible  and  actual  through  all  rooks,  and  the  soaking  of  clay  can 
only  take  place  by  this  insensible  peroolation.  Water  has  been  found  free  in 
a  hollow  cretaceous  flint  embedded  in  later  gravel  beds.  (See  Meunier's  de- 
scription, quoted  in  A  men  Nat.,  Aug.,  1885,  p.  794.) 
42  (667) 
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Table  of  Water  and.  Rock-pressures. 


Vertical 
height 

of 
atrata 
injMt. 

V 

WaUir  ifreth). 

, ' > 

Weight                    Weight 
per  a"                      per  a' 
in  lb*.                in  long  tone. 

0.433                 0.027 

Sandaione 

and  ehale,* 

Weight 

per  of 

in  long  tons,\ 

0.0726 

100' 

43.285 

2.782 

7.25 

1000' 

433  lbs. 

27.82 

72.60 

iKxy 

476 

30.60 

79.75 

1200' 

519 

33.38 

87.00 

1300' 

663 

36.17 

U4.25 

1400' 

606 

38.95 

101.50 

1500' 

649 

41.73 

108.76 

1600' 

693 

44.51 

116.00 

1700' 

736 

47.29 

123.25 

1800' 

779 

60.08 

130.50 

1900' 

822 

52.86 

137.75 

2000' 

866 

65.64 

145.00 

2100' 

909 

68.42 

153.25 

2200' 

962 

61.20 

160.50 

2300' 

995 

64.00 

167.76 

2400' 

• 

1039 

66.77 

176.00 

2600' 

1082 

69.56 

182.25 

2600' 

1125 

72.33 

189.50 

2700' 

1168 

75.11 

196.75 

2800' 

1212 

77.90 

204.00 

2900' 

1265 

80.68 

211.25 

3000' 

1299 

83.46 

218.50 

3100' 

1342 

86.24 

225.75 

3200' 

1385 

89.02 

233.00 

3300' 

1428 

91.80 

240.25 

3400' 

1471 

94.58 

247.60 

3500' 

1534 

•  ( 

97.36 

254.75 

*  Average  speoifio  gravity  aasamed  at  2.60. 
t  Or  atmoepheres,  the  weight  of  the  atmosphere  being  about  one  ton  to  the 
square  foot 
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be  at  rest — able  to  support  the  country  above — and  yet  per- 
mit the  percolation  of  fluids  between  them. 

The  shape  of  the  pebbles  is  of  account  only  to  the  process 
of  adjustment.  If  they  are  all  originally  round,  the  only 
movement  necessary  is  that  which  brings  them  together.  If 
they  are  angular,  and  the  pressure  exceeds  the  breaking- 
strength  of  the  material,  they  will  have  their  points  and 
edges  crushed  oflf,  and  they  will  thus  be  reduced  to  a  round 
form. 

The  stability  of  a  conglomerate  bed,  then,  depends  on 
three  elements :  1,  the  weight  of  country  above  it ;  2,  the 
strength  of  the  pebble  stuff ;  3,  the  kind  of  cement  in  which 
the  pebbles  were  originally  embedded. 

1.  The  weight  of  super-rocks  in  Western  Pennsylvania, 
where  everything  lies  flat,  and  most  of  the  rocks  are  sand- 
stone and  shale,  may  be  taken  at  1  ton  per  square  foot  for 
every  14  feet  of  height,*  or  100  tons  for  1400  feet,  a  common 
depth  of  oil  wells,  or  200  tons  for  2800  feet,  which  is  not 
the  maximum  for  the  very  deep  wells. 

2.  Most  rocks  will,  bear  a  far  greater  weight  without 
crushing,  but  they  begin  to  crack  and  break  at  about  half 
their  crushing  load.  The  average  ultimate  crushing  load 
of  brick  is  ITSf  tons  to  the  square  foot ;  of  brown  sand- 
stone, 2(X);  gray  sandstone,  300;}:;  limestone,  425  §;  gran- 
ite, 60011 ;  best  glass,  1800,1  (Trautwine.) 

The  quartz-pebbles  of  a  conglomerate  touching  each 
other  would  undoubtedly  crack  each  other  under  a  weight 
of  1000  tons  to  the  square  foot ;  but,  to  be  subjected  to  this 

*The  atmosphere  at  sea  level  weighs  about  14^  pounds  (avoir.)  per  square 
inch,  or  2124  pounds  per  square  foot,  say  a  ton.  Fresh  water  weighs  62^  (not 
62^)  pounds  per  cubic  foot;  salt  water,  64 ;  soft  brick,  100;  hard  brick,  125; 
best  pressed  brick,  150 ;  dry  potter's  clay,  156 ;  mud' pressed  into  a  box,  110  to 
120 ;  gravel  or  sand  equally,  if  dry,  90  to  120,  if  wet,  120  to  140 ;  sandstone,  150 ; 
shale,  162  ;  slate,  175 ;  limestone,  168  to  172 ;  coal,  84 ;  (anthracite,  93.5.)  The 
average  weight  of  carboniferous  and  sub-carboniferous  strata  may  be  safely 
assumed  at  162  pounds  to  the  square  foot,  per  square  foot  of  height  =  1  ton 
(2,240  lbs. )  per  14  feet  high. 

t.50  to  800.  i  150  to  450.  §  And  marble,  250  to  600.  1|  And  syenites, 
400'to300.        1 1300  to  2800. 
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pressure  they  must  lie  (5  X  2800"  — )  14,000  feet  beneath  the 
surface.* 

3.  The  cement  of  a  quartz-pebble  conglomerate  is  usually 
siliceous  ;  that  of  a  quartzite  is  always  so.  In  this  case  the 
pebbles  are  supported  by  the  cement,  and  very  little  sup- 
ported on  their  points  of  contact  with  each  other.  The 
whole  is  a  solid  mass,  and  the  maximum  of  resistance  to 
the  crushing  weight  is  reached.  So  fluid  i)ercolation  is  in 
this  case  possible ;  no  dissolution  of  the  clay  part  of  the  ce- 
ment ;  no  production  of  porosity  in  the  rock  ;  no  weaken- 
ing of  its  strength. 

But  most  of  our  sandstones  are  deposits  of  sand-grains  in 
clay,  parts  of  the  bed  being  more  sand  than  clay  ;  other 
parts  more  clay  than  sand ;  sand-banks  passing  sideways 
into  mud-flats,  and  coarse  sands  overlying  and  overlaid  by 
fine  sands  and  muds.  Streaks  of  pebbles  run  through  the 
mass,  showing  where  the  ancient  water-currents  ran,  and 
these  determine  the  existing  underground  drainage.  This 
underground  drainage,  following  the  looser  pebbly  stretches 
in  the  rock,  slowly  dissolve  the  clay  and  carry  it  off,  leav- 
ing the  rock  porous,  and  the  drainage  enlarges  itself  by  at- 
tacking the  tighter  portions  of  the  stratum,  making  it  also 
more  or  less  porous.  Thus  have  come  about  our  loose,  oil- 
sands.  The  process  is  hastened  wherever  the  mud-cement 
is  calcareous,  chemical  solution  assisting  the  mechanical 
solution. 

The  cement-clay  being  removed,  the  pebbles  or  grains  of 
quartz-sand  resting  against  each  other  hold  up  the  country, 
which  weighs,  if  2800  feet  deep,  200  tons  to  the  square  foot. 
They  are  not  crushed,  because  each  quartz-grain  or  pebble, 
if  square,  can  bear  from  six  to  nine  times  that  weight,  and 
even  when  round  can    bear  several  times   that  weight,  f 

Enough  that  there  is  not  overweight  enough  to  crush  up 

*  The  BliokenBideB  In  oonglomerates  and  slates,  and  the  breodated  and  ro- 
tated condition  of  crystalline  limestones  and  marbles,  have  been  produced  by 
a  combination  of  constant  weight  with  occasional  upheayals.  Readjustment 
has  left  snob  traces  in  strata  of  every  age ;  most  in  the  oldest 

fit  would  be  impossible  to  calculate  the  proportion,  because  the  strain 
would  vary  with  the  shape  and  constitution  of  every  pebble  or  grain  in  the 
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the  pebbles  and  destroy  the  porosity  of  the  rock.  Fluids 
and  gases  can  freely  circulate  through  it,  subject  to  none'of 
the  pressure  of  the  overlying  country,  all  of  which  is  sup- 
ported by  the  porous  rock  itself. 

Any  pressure,  therefore,  which  water,  oil,  or  gas  may 
exhibit  at  a  depth  of  2800  feet,  for  example,  must  be  en- 
tirely independent  of  the  weight  of  the  country.  If  con- 
nected with  the  surface,  the  waters  and  gases  must  obey 
the  laws  of  hydrostatic  pressure ;  the  water,  if  separate, 
must  be  under  a  pressure  of  (62^  x  2800  =)  78  tons  (or  at- 
mospheres) to  the  square  foot,  and  the  gas,  if  separate,  must 
lie  under  a  pressure  of  between  1  and  2  tons  or  atmos- 
pheres. These  are  the  greatest  natural  pressures  to  which 
their  shut-in  situation  naturally  subjects  them.  If  they  ex- 
hibit greater  pressure  it  must  be  owing  to  something  en- 
tirely apart  from  the  depth  in  the  earth  where  they  lie. 

But  if  there  be  no  connection  with  the  surface  waters  and 
air,  there  is  nothing  in  the  mere  depth  of  their  residence  to 
put  them  under  any  specialfpressure  whatever.  They  might 
even  lie  in  a  vacuum.*  For  the  pebbles  and  grains  among 
which  they  move  can  bring  no  pressure  to  bear  on  them, 
any  more  than  the  walls  of  a  cave  can  press  upon  the  under- 
ground river  which  flows  through  it ;  or  the  pillars  of  a  mine 
can  compress  the  gunpowder  smoke  of  the  miners. 

Why  is  it,  then,  that  a  McKean  county  gas  well  blows 
off  at  a  surface  pressure  of  575  poundsf  to  the  square  inch, 
(equal  to  36  atmospheres,)  and  must  of  course  be  under  a 
still  greater  pressure  at  the  bottom  of  the  tubing? 

Hydraulic  pressure  can  ha^e  nothing  to  do  with  it ;  for 
in  a  2000'  well  the  water  pressure  is  about  60  atmospheres 
at  the  bottom,  decreasing  to  0  at  the  top.  Yet  at  the  top 
the  gas  is  blowing  oflf  at  a  pressure  of  35  atmospheres. 
There  is  no  great  artesian  head  in  the  surrounding  highland, 
which  is  only  a  few  hundred  feet  higher  and  produces  no 
copious  springs. 

Evidently  the  gas  must  in  some  way  produce  its  own 

*  As  the  water  does  io  many  bubbles  in  opals,  and  in  crystals  of  quartz  in 
metainorpbiq  rocks. 

t  Caril's  report,  p.  39. 
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pressure;  like  gas  generated  by  chemical  reaction  in  a 
closed  vesseL  Any  elasticity  in  the  vessel  (an  Indian  rub- 
ber bag  for  instance)  would  moderate  the  pressure  by  yield- 
ing to  it ;  but  there  is  no  elasticity  in  the  rock-reservoirs  in 
which  natural  gas  is  generated. 

Although  the  gas- pressure  cannot  be  in  any  way  gener- 
ated by  the  weight  of  the  country,  yet  were  it  possible  for 
it  to  exceed  that  weight,  it  must  lift  the  country,  float  it 
otf  its  supports,  break  it,  escape  into  the  air  through  the 
rents,  and  let  the  countr}"^  drop  back  again  upon  its  sup- 
ports. There  is,  however,  no  evidence  that  this  has  hap- 
pened, and  no  evidence  that  the  gas-j)res8ure  is  anywhere 
equal  to  half  the  weight  of  the  overlying  country.*  But 
whatever  it  may  be,  so  long  as  there  is  no  vent  for  it,  it 
must  exert  itself  against  its  surroundings,  and  in  doing  so 
must  lighten  hy  just  that  mucJt  the  weight  of  the  country 
upon  the  gas-rock  bed. 

It  is  evident,  also,  that  the  gas  must  exert  its  pressure 
against  whatever  water  or  oil  exists  in  the  gas-rock,  driving 
them  before  it  to  the  surface  by  any  vents,  natural  or  arti- 
ficial, which  may  exist.  But  in  doing  so  it  must  in  all 
cases  exert  a  pressure  greater  than  that  of  a  hydraulic  col- 
umn from  the  surface  down  to  the  gas  rock.  The  spouting 
oil  wells  have  all  been  operated  by  natural  gas,  both  in  cases 
where  the  gas  was  mixed  with  oil  and  water,  and  in  cases 
where  it  was  banked  in  behind  them  and  did  not  flow  from 
the  well  until  its  oil  and  water  were  exhausted.! 

*The  Marra3r8yille  first  well  was  1820'  deep.  The  weight  of  oountry  upon 
thegaB-rook  is  about  100  atmospheres,  (tous  to  the  square  foot.)  The  gas 
pressure  at  the  surface  is  certainly  not  higher  than  30  atmospheres,  (500  lb& :  1". ) 
How  muoh  greater  it  is  in  the  gas-rook  oannot  be  known,  for  that  mu^t  de- 
pend on  the  rate  at  whioh  it  oan  deliver  itself  through  the  rook  into  the  weU. 

fThe  Murraysville  ^a«-662<,  at  the  south  end,  towards  the  P.  R.  R.,  is  oon- 
tinned  as  a  aalt-waier  helL  Wells  at  the  R.  R.  spout  water,  not  gas.  This  is 
one  of  many  instanoes  proving  the  fact  that  the  gas  separates  itself  Into  gpeo- 
grapliical  areas  and  acts  and  is  reacted  on  by  water  pressure.  The  wells  at 
Pittsburgh  and  elsewhere  have  produced  gas,  which  was  afterwards  stopped 
by  an  inrush  of  water.  An  enormous  quantity  of  water  was  delivered  by  the 
Boyd's  Hill  well,  overlooking  the  R.  R.  depot  in  Pittsburgh,  (begun  in  1876, 
and  reaching  2300'  in  January,  1877. )  Strong  brine^  3000  to  4000  bbls.  per  day, 
flowed  from  the  "great  gas  rock,"  1588'~1700'  beneath  the  surface ;  but  no  gas; 
and  merely  traces  of  oil.    (L.  229.) 
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A  good  authority  says  that  the  greatest  known  pressure 
observed  in  any  gas  well  has  been  750  pounds.*  This  can 
only  be  asserted  of  pressures  tested  at  the  well  mouth,  or 
by  the  packers  placed  in  the  well.f 

The  best  test  is  afforded  by  the  height  to  which  water  is 
spouted  into  the  air.  In  one  case  a  2000'  well  spouted  water 
138'  into  the  air,  showing  a  gas  pressure  of  at  least  60  at- 
mospheres, (=sabout  940  lbs.  to  the  square  inch,)  at  the  bot- 
tom of  the  well  4 

In  another  case  the  jets  from  a  1785'  well,  recnrring 
every  6  m.,  55  sec,  (39  jets  in  4"  36f,)  rose  from  85'  to  115', 
showing  a  pressure  of  at  least  53  atmospheres  (=  830  lbs. 
per  sq.  inch.)§ 

*S.  R.  Dresser,  in  Petroleum  Age^  Maroh,  1886,  p.  1270.  ■*I  have  made  this 
a  subject  of  personal  inquiry,  as  I  fbmish  a  good  share  of  the  p^^ekera  used 
to  oonflne  gas."  **I  have  never  heard  of  any  one  who  knows  of  any  well 
gathering  1000  lbs.  pressure.*'  "There  has  never  been  a  gas  well  struck  so 
atrong  but  what  it  oould  be  tubed  and  packed ;  and  when  the  tubing  is  se- 
curely anchored  down  to  the  derrick,  a  stop-cock  or  thrpttle  can  be  dosed  and 
the  flow  of  the  gas  confined."  He  then  refers  inquirers  to  companies  in  Brad- 
ford, Warren,  Oil  City,  Rochester,  Pa.,  Pittsburgh,  and  Findlay,  b.,  who  have 
secured  their  gas  by  packing. 

t  Dr.  Orton,  State  Geologist  of  Ohio,  whose  report  on  rock-oil  and  gas  is 
ready  for  publication,  entertains  grave  doubts  of  the  correctness  of  the  re- 
ported pressures  at  the  well  mouths. 

X  The  Ernhout  A  Taylor  well,  No.  2,  Wetmore  township,  McKean  county ; 
begun  March,  1878;  struck  oil  rock  May,  1878,  at  1900';  oil  not  sufficient;  cas- 
ing withdrawn ;  well  flooded  with  fresh  water  from  veins;  water  ejected  at 
regular  intervals  to  about  125'  in  the  air;  hole  then  partially  plugged;  erup- 
tions of  2  minutes  at  regular  intervals  of  11  minutes.  In  July,  1879,  Mr.  Ash- 
burner  made  a  series  of  angular  and  watch  measurements,  which  are  tabu- 
lated in  Report  R,*p.  247.  The  phenomenon  repeated  itself  thus:  Slight  ex- 
plosion heard  in  the  drive  pipe;  silence  2|  minutes;  water  began  to  flow* 
in  ^  minute  reached  its  maximum  height  of  85';  column  lowered,  and  in  | 
minute  rose  again  to  95';  in  |  minute  flow  ceased ;  gas  issued  for  6'  minutes. 
The  next  explosion  commenced  llj  minutes  after  the  commencement  (or  6} 
minutes  afl;er  the  end)  of  the  flrst;  and  so  on  with  great  regularity,  the  Jet 
varying  from  76'  to  95'  in  height  But,  on  the  evening  of  July  81,  two  Jets 
were  measured  which  rose  to  120'  and  128';  and  Aug.  2,  four  Jets  were  meas- 
ured, which  rose  108',  182',  120',  138'.    (See  picture  of  a  Jet  on  p.  248  R.) 

§  Wilcox  well,  Na  1,  (Adams  well,)  on  the  W.  br.  Clarion  river,  a  mile  N. 
of  the  McKean-Elk  line,  1864?  Abandoned  at  1785';  only  100  bbls.  of  oil 
pumped  from  it.  It  became  famous  in  1877  for  its  7  minute  Jets  of  mixed  g<M 
and  water,  A  great  water  vein  had  been  struck  at  60',  and  gas  veins  at  1200' 
and  at  16(0'.  After  the  loss  of  the  tools  the  upper  400'  was  cased  (4')  with  a 
seed  bag,  making  the  well  a  dry  hole,  but  a  great  gas  blower.    Gas  used  in 
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It  must  be  considered,  however,  that  no  gas  well  throws 
into  the  air  a  colnmn  of  water  in  the  common  condition  of 
water,  weighing  as  mnch  as  water.  The  jet  consists  of  a 
foaming  mass  of  water  and  gas  mixed,  jast  as  a  volcanic 
geyser  ejects  a  column  of  mixed  water  and  steam.  The  in- 
termittent action  and  violent  explosion  aredne  to  this  fact. 
In  the  case  of  the  geyser  part  of  the  water  flashes  into 
steam  and  blows  out  the  rest  of  the  water  mixed  with  steam. 
In  the  case  of  the  gas  well  the  high  pressure  gas  plays  the 
same  r6le.  But,  in  spite  of  this  apparent  defect,  the  calcu- 
lation must  be,  in  the  main,  correct ;  for,  what  the  weight 
lifted  loses  by  being  lightened  by  gas,  it  gains  by  friction 
in  the  pipe  at  high  velocities,  and  still  more  by  the  vis  in- 
erticB  of  the  air  and  friction  through  the  air. 

The  question  of  how  far  the  hydraulic  head  may  account 
for  the  gas-well  pressure  (on  purely  artesian  principles)  de- 
serves and  is  receiving  attention.  But  those  who  especially 
favor  this  theory  must  not  ignore,  as  they  are  probably 
well  aware,  the  unknown  factors  in  the  problem^  viz :  the 
distances  and  methods  of  connection  with  the  surface ;  the 
rate  at  which  the  water-flow,  and  consequently  the  water- 
pressure,  is  transmitted  down  hill  from  the  outcrop  head  to 
the  well  bottom  in  the  deep ;  the  stoppaeres  of  the  water- 
way here  and  there  by  tight  rock ;  the  interposition  of  mud 
cracks  across  the  water-way,  &c.  To  get  the  observed 
pressure  at  Pittsburgh,  for  example,  one  must  go  for  a 
high-head  outcrop  as  far  north  as  Venango  county  ;  but  the 
porous  oil-rocks  do  not  extend  continuously  that  far ;  nor 

drilling  No.  2 ;  sarplusgas  (2''  pipe)  allowed  to  flow  into  a  water  tank;  io& 
formed  in  the  hottest  weather.  From  1864?  to  1876  gaa  flow  oonatant  (proba- 
bly diminishing.)  Well  No.  2  showed  some  oil.  To  foroe  it  out  a  2"  gas  pipe 
from  well  No.  1  was  lowered  to  bottom  of  No.  2,  (2000;  well, 2004  deep,)  when 
gas-flow  from  both  wells  ceased  for  86  honrs,  then  began  again  with  greater 
energy.  Jan.  1877,  gas  pressure  suddenly  inoreased ;  upper  176'  of  casing 
broke  and  was  lifted  bodily,  with  the  plug,  out  of  the  No.  1  well,  letting  in 
the  water  vein.  The  well  became  again  a  geyser.  Jetting  every  8  minutes  80' 
to  00',  until  the  following  May,  when  both  wells  stopped  gasing  for  no  known 
cause.  July  14,  No.  1  began  again  to  spout  every  7  minutes  85'  to  115'  Jets, 
with  intermediate  little  Jets  3'  to  8'  high.  Water  and  gas  intermixed,  and, 
when  set  on  Are,  magnificent  July  19,  studied  by  C.  A.  Ash  burner  for  th& 
Survey  and  the  results  tabulated.    (See  Report  R.,  p.  155. ) 
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is  any  water-bearing  stratum  known  to  be  continuous  a  suf- 
ficient distance  to  answer  the  requirements.*  Nor  can  a 
nearer  local  head  be  assumed  with  any  confidence,  because 
the  water-flow  in  that  case  must  be  vertical. 

Friction  in  a  pipe  line  is  estimated  to  reduce  gas  pressure 
at  the  rate  of  about  7  lbs.  per  mile.f 

In  doing  this  it  reduces  the  theoretical  rate  of  velocity 
with  which  gas  would  deliver  from  the  free  mouth  of  any 
section  of  a  pipe.ij: 

*The  differenoe of  level  between  the  top  of  the  Third  Oil  SandatTidioute  in 
Warren,  and  Clinton viUe  in  Venango,  is  (1008'  —230'  —)  TJ%'  in  89  mUes; 
between  Shippensville  in  Clarion  and  Herman  in  Butler,  (370 -f- 300  =) 
870'  in  85  miles.  The  first  along  the  Venango  belt;  the  seoond  along  the  But- 
ler belt.  (See  Mr.  J.  T.  CarlPs  triangle  dip  map,  sheet  No.  8,  in  atlas  to  Re- 
port of  Progress  III,  on  the  Oil  Regions,  1880.)  The  first  gives  a  hydraulic 
pressure  of  885  lbs.,  the  seoond  of  374  lbs.  to  the  squa^  inoh  at  the  south-west 
end  of  the  belt.  Now,  at  Tidioute  the  Third  Sand  is  only  (1112'— 1008')  104'  be- 
neath the  river,  but  at  Shippensville  the  Third  Sand  Is  (1400' Jb  —  870'  =) 
1080' li:  beneath  the  surface;  and  further  on  (north-east)  the  surface  rises  1000 
higher.  If  there  were  an  open  water-bearing  stratum  all  the  way  from  E(k 
county  to  Shippeneville,  the  hydraulic  pressure  there  should  be  860  lbs.  to  the 
inoh ;  and  if  that  water-way  were  continued  into  Butler  county,  the  theoretical 
pressure  at  Herman  should  rise  to  1284  lbs.,  a  force  capable  of  lifting  1100  ft. 
of  the  earth's  crust.  But  who  can  believe  in  sifch  continuous  open  water- 
ways for  such  distances  in  an  old  formation  like  the  coal  measures?  The  ar- 
tesian wells  of  Paris  are  fed  from  a  head  on  the  slope  of  the  Cote  d'Or  many 
miles  distant  to  the  south,  but  they  are  in  loose  strata  of  a  late  age.  In  like 
manner  the  artesian  wells  of  New  Jersey  are  fed  from  outcrops  facing  the  Del- 
aware river,  but  the  beds  are  loose  sands  of  tertiary  and  upper  cretaceous 
age.  No  such  state  of  things  is  known  in  the  underground  of  our  western 
coal  measures.  The  oil  sands  alone  can  operate  in  this  way,  and  they  are  re- 
stricted to  long  narrow  areas  with  impervious  walls ;  at  least  sufficiently  im- 
pervious to  practically  stop  the  water-flow,  and,  if  so,  then,  tapping  the  pres- 
sure anywhere  must  be  immediately  followed  by  a  sensible  decline  of 
hydraulic  pressure.  We  know  that  the  oil  and  water  do  not  pass  up  and  down 
from  one  sandrock  to  another,  therefore  a  direct  hydraulic  connection  with 
the  surface  must  be  praoticaliy  out  of  the  question. 

t  Consequently,  a  200  lb.  pressure  at  the  well  will  only  deliver  gas  to  a  dis- 
tance of  80  miles,  if  the  delivery  be  constant.  This  settles  the  question  of 
the  delivery  of  gas  on  the  seaboard.     (Rept.  Cham.  Com.  Pitts.,  p.  85.) 

t  Smeaton*s  table  of  wind  pressure  (defective  as  its  basis  is  considered  by 
Trautwine)  gives  for  a  pressure  of  50  lbs.  per  square  foot  (=3|  lbs.  per  sq. 
inch)  a  wind  velocity  of  146.7  per  second.  The  pressure  is  generally  sup- 
posed to  vary  as  the  square  of  the  velocity.  The  Liverpool  observations 
double  Smeaton's  pressures,  a  wind  of  S8  miles  per  hour  exerting  a  pressure 
ofi^  Ihs.per  square  foot;  and  one  of  70  miles,  42  lbs.  This  would  makethe  wind 
pressure=square  of  velocity  divided  by  100.    If  gas  issues  from  a  pipe  at  500 
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The  pressure  is  theoretically  equal  over  the  whole  area 
of  bed-rock  occupied  by  gas,  except  in  the  vicinity  of  the 
bottom  of  each  blowing  well.  If  the  gauges  of  different 
wells  show  different  pressures,  it  must  be  for  one  or  both 
of  two  reasons :  1.  Greater  friction  due  to  extra  smallness 
or  extra  length  of  well ;  or,  2.  Greater  friction  in  the  con- 
verging movement  of  the  gas  through  the  rock  towards  the 
bottom  of  a  well.  * 

S.  Rock-gas  quantity. 

The  quantity  of  condensed  gas  underground  must  be 
judged  by  the  quantity  of  eocpanded  gas  furnished  to  con- 

Ibs.  to  the  sq.  inch  (=72,000  lbs.  to  the  sq.  foot)  its  theoretioal  velocity  should 
be  (by  the  wind  formala)  2700  miles  per  honr  (=4000'  per  second,)  which  is 
a  |ate  only  reached  in  cannon- firing,  the  initial  velocity  of  the  old  82-1  b.  ball 
being  1600'  p<«r  second.  The  wind  formula,  however,  is  only  applicable  to 
the  free-moving  atmosphere,  with  a  low  friction  ratio.  The  gas-blow  has  a 
high  friction  ratio,  strongly  pronounced  by  its  roar ;  like  that  of  steam  from 
an  escape  valve.  No  experiments  have  been  made  with  solid  projectiles 
from  gas  wells;  but  the  projection  of  water  into  the  air  has  been  studied  by 
the  Geological  Survey  in  two  instances ;  the  rise  of  the  water  column  from 
the  Wilcox  geyser  well,  in  McKean  county,  was  timed:  101'  in  15  seconds; 
99'  in  60;  87'  in  60;  87'  in  46;  88'  in  80];  99'  in  ?;  86'  in  80;;  91'  in  80;  115'  in  40; 
97'  in  35;  =average  of  94'  in  88  seconds;  representing  a  probable  theoretical 
maximum  initial  velocity  of  say  10'  per  second.  But  this  affords  no  clue  to 
the  theoretical  maximum  initial  velocity  of  the  gas  causing  the  Jet. 

Mr.  Garnefde  states  the  pressure  of  the  great  MurraysviUe  80,000,000'  weU 
at  nearly  or  quite  200  lb.  One  of  the  gauges  showed  him  187  lb&  At  works 
nine  miles  from  a  well,  the  pressure  was  delivered  at  75  lb.  At  one  well  the 
gas  was  used  instesd  of  steam  in  a  small  pumping  engine. 

*In  October,  1885,  a  well  was  put  down  within  100'  of  the  largest  Murrays- 
viUe well.  Its  immense  blow  should  have  lowered  the  discharge  pressure  of 
the  big  well  by  a  considerable  percentage  if  the  gas  passed  freely  through  the 
bed  rock.  The  report  was  that  **  the  volume  of  the  old  well  was  not  affected 
in  the  leasL'*  (Eng.  and  Min.  J.,  p.  310.)  The  report  may  have  been  only 
approximately  true ;  but  it  is  evident  that  two  such  wells,  so  near  each  other, 
cannot  be  indifferent  to  each  other's  discharge,  within  small  limits  of  varia- 
tion, unless,  first,  the  pressure  in  the  rook  be  vastly  greater  than  the  pressure 
at  the  well  mouth ;  nor  unless,  second,  the  friction  in  the  rock  be  a  large  factor 
in  the  equation.  In  early  March,  1886,  two  new  wells  (Phila.  Co.  and  Char- 
tiers  Co.)  were  struck,  in  close  proximity  to  each  other,  and  both  reported  to 
be  equal  to  the  best  in  the  (MurraysviUe)  district,  (Eng.  and  M.  J.,  p.  197:) 
but  the  reported  pressure-tests  at  new  wells  must  always  be  accepted  with 
suspicion.  More  recently,  it  is  reported  that  the  Tarentum  well  pressure  has 
diminished  30  or  40  per  cent.,  and  the  conjecture  hazarded  that  the  flow  is  ob- 
structed by  the  crystallization  of  salt ;  but  the  readiest  explanation  may  be 
easier  adopted,  that  the  gas  in  the  rock  is  exhausting  itself. 
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sumers.  For  example,  the  Hite  Natural  Qus  Co.,  at  Pitts- 
burgh, were  said  to  furnish  from  all  their  wells  (March, 
1886,)  12,000,000  cubic  feet  per  day.* 

The  waste  of  gas  within  piping  distance  of  Pittsburgh 
was  estimated,  in  1885,  at  70,000,000  cubic  feet  per  day.f 

Water  absorbs  its  own  volume  of  carbonic  acid  gas  under 
any  pressure ;  i,  e,,  whether  the  gas  is  at  its  normal  weight 
under  one  atmosphere  or  condensed  to  double  its  weight 
under  two  atmospheres.:}:  It  absorbs  oliftantgas,  however, 
to  the  extent  of  only  one  seventh  of  its  own  volume.  If 
this  law  should  hold  good  for  all  pressures  it  would  follow 
that  water  under  760  lbs.  to  the  inch  (or  760-5-  14f  =  50  at- 
mospheres) would  hold  (.02  x  50  =)  its  own  volume  of  oli- 
fiant  gas  at  one  atmosphere.  This  is  an  insignificant  quan- 
tity compared  with  the  quantities  of  natural  gas  blowing 
off  from  a  gas  well.  The  well  gas  cannot,  then,  be  held 
(by  occlusion)  in  the  water.  It  must  therefore,  either  (1) 
be  held  in  the  form  of  petroleum  or  (2)  be  itself  a  separate 
liquid  under  the  highest  pressures,  or  else  (3)  remain  as  a 

*EDg.  and  Min.  .r.,  March  27, 1886,  p.  236.  A  flow  at  this  rate  represents 
4,880,000,000'  per  annum;  oooupying,  at  the  ordinary  pressnreof  one  atmos- 
phere, 1  sq.  mileX  40';  when  condensed  ander60  atmospheres,  Isq.mile  X  8"; 
or,  a  sand  rock  (J  porous)  1  sq.  mile  X  4'  thick. 

t  At  a  meeting  of  the  Chamber  of  Commerce.  See  Report,  page  88.  Esti- 
mated to  equal  in  value  of  coal  $3500  per  day.  Mr.  Carnegie  reported,  in 
1885,  that  up  to  that  date  only  two  concerns  in  Pittsburgh  iiad  made  an  effort 
to  economize  the  gas.  In  his  Union  Iron  Mills,  a  small  regenerative  appli- 
ance had  been  attached  to  each  puddling  furnace,  saving  a  large  percentage. 
In  domestic  use,  also,  some  disastrous  cellar  explosions  have  induced  the  com- 
panies to  use  lower  pressures  in  the  city  mains  and  to  establish  escape-pipes 
to  the  surface  air  at  frequent  intervals.  In  manufacturing  establishments 
which  carry  the  gas-pipes  overhead  in  open  air  no  explosions  occur.  In  Jan- 
uary, 1886,  the  Philadelphia  Nat  Qas  Co.,  at  Pittsburgh,  issued  circulars  to 
mill  men  and  manufacturers  in  reg^d  to  waste.  Many  mills  are  lighted  by 
1"  and  1|"  pipes,  perforated  at  the  top,  and  the  pressure  supplies  gas  fSaster 
than  it  can  be  consumed.  In  fact,  one  of  these  pipes  would  suffice  to  heat  a 
steam  boiler.  Consumers  were  notified  that  no  such  lighting  would  be  al- 
lowed except  from  4,  p.  m.,  to  6,  a.  m.  The  gross  income  of  this  company  was 
said  to  be,  at  that  date,  approaching  12,000,000  per  annum.  (Eng.  and  M.  J., 
Jan.  16, 1886,  page  42.) 

|Henry,  in  Amer.  Cyc,  p.  84a,  Gas.  Cyanogen, 4.5  volumes;  sulph.  hydro- 
gen, 8.66;  chlorine,  2.00;  carb.  acid,  1.06;  nitrous  oxide,  0.76;  olifiant  gas, 
0.158;  phosp.  hyd.,  0.05;  nitric  ox.,  a037;  oxygen,  0.087;  nitrogen,  0.028;  car- 
bonic oxide  and  hydrogen,  only  0.02. 
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greatly  condensed  gas  under  a  pressure  of  many  atmos- 
pheres.* 

Dr.  Chance  has  published  the  following  calculation  for 
getting  some  idea  of  the  possible  quantity  of  gas  held  in  a 
given  area  of  rock  : 

Pressure^   say  750  lbs.  per  inch  (50  atmospheres.) 

Thickness  of  porous  part  of  rock,  say  30'. 

Porosity^  say  |  of  the  rock  =  5'  of  thickness. 

Area,  say  1  square  mile,  =  27,878,400  square  feet. 

This  multiplied  by  5' gives  the  space  occupied  by  the  gas, 
=  139,392,000  cub.  ft. ;  and  this  multiplied  by  50  (volumes 
of  gas  condensed  into  one)  gives  total  amount  of  gas  in  bed 
rock,  say  7,000,000,000  cubic  feet  per  square  mile.  One  well 
blowing  ten  million  per  day  would  exhaust  a  mile  in  two 
years ;  and  twelve  wells  would  do  it  in  two  months. 

Evidently  the  premisf^s  of  the  calculation  above  adopted 
do  not  correspond  with  the  facts.  Therefore,  either  the  un- 
derground pressures  are  very  much  higher  than  gauges  at 
the  well-mouths  show,  or  the  thickness  of  porous  rock  is 
much  greater  than  30'.  The  whole  rock  (known  to  be  some- 
times 100'  thick)  may  be  porous  to  gas. 

Suppose  the  average  porosity  of  100'  sandrock  to  be  ^, 

*Dr.  Chanoe,  in  denying  the  poasibility  of  gas  in  liquid  form,  uses  the 
oonvenlent  forinftla:  Rock  weighs  144  lbs.  per  cubic  foot :  t.  e.,  1  lb.  per  inch 
per  foot  of  height,  or  IdOO  lbs.  (100  atmospheres)  per  1500' of  strata.  He  argues 
rightly  that,  under  750'  of  strata,  the  gas  pressure  cannot  be  greater  than  750 
lbs.  to  the  square  inch,  and  concludes  that  no  great  blowing  wells  need  be 
looked  for  except  in  districts  where  the  wells  are  deep.  He  argues  that  the  gas 
cannot  exist  in  liquid  form  because  it  consists  mainly  of  marsh  gas,  60  percent, 
to  80  per  cent.,  hydrogen,  6  per  cent,  to  20  per  cent.,  and  nitrogen 
1  per  cent  to  12  'per  cent.,  none  of  which  can  be  liquefied  under  the 
conditions.  Marsh  gas,  the  most  easily  liquefied  of  the  three,  can  only 
be  liquefied  uuder  a  pressure  of  50  atmospheres  by  reducing  the  tem- 
perature to  99.50  below  zero  centigrade  (  —  1480  F. )  or  under  a  pres- 
sure of  180  atmospheres  at  —11^  C;  t.  e.,  20^  F.  below  freesdng.  But  180  at- 
mospheres means  2700'  beneath  the  surface,  where  we  have  a  right  to  expect 
a  normal  temperature  of  100^  to  110^  F.  ( See  Sadtler's  analyses  in  Report  B ; 
Dewar's  experiments  in  liquefaction,  Lond.  Ed. and  D.  Phil.  Mag.,  1884 ;  Ros- 
ooe  A  Schorl eramer's  Organic  Chemistry,  III,  i,  1882,  quoting  Caillaitet.) 
Of  the  other  elements,  cethane  wid  propane  (which  mak')  only  1  per  cent  to 
6  percent,)  cethane  liquefies  under  45  atmospheres  at  85^  C.  (95^  F.,)  and 
propane  under  a  moderate  pressure  at  normal  temperature.  Both  of  them, 
and  small  percentages  of  oli/lant  gas  also,  probably  exist  as  liquids  in  the 
rock. 
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and  the  gas  condensed  to  ^J^  of  its  volume  at  the  surface. 

Then,  ^-^  x  100  x  27, 878, 400' =  56, 756, 800, 000  cubic  feet  of 
gas  in  a  square  mile.  Multiply  by  2  square  miles  for  the 
Murraysville  gas-belt,  and  we  get,  say  110,000,000,000'; 
enough  to  supply  a  10-million-per-day  well  thirty  years, 
or  thirty  wells  of  that  size  one  year. 

But  this  calculation  is  based  upon  data  which  are  ideally 
high.  An  average  of  |  porosity  for  lOO'  of  sandrock  is  cer- 
tainly extravagant ;  ^  would  be  nearer  true.  Moreover, 
100  atmospheres  is  the  extreme  pressure  at  1400'  depth,  and 
no  calculation  can  be  based  upon  it.  On  the  other  hand, 
the  Murraysville  area  may  extend  (as  gas  area)  much  be- 
yond a  belt  4  miles  long  by  half  a  mile  wide.  But,  taking 
the  result  as  it  stands,  the  yield  of  each  of  the  thirty  wells 
would  steadily  decline  from  10,000,000'  at  the  beginning  to 
0'  at  the.  close  of  the  year,  their  efficiency ^at  Pittsburgh 
ceasing  much  earlier. 

The  greater  force  of  the  Murraysville  wells  over  those 
in  Washington  and  Butler  county  may  perhaps  be  explained 
by  the  greater  thickness  of  porous  rock,  confined  to  a  smaller 
area,  the  gas  therefore  reaching  the  wells  with  less  retarda- 
tion. 

Dr.  Chance's  calculation  of  a  grand  total  is  based  upon  a 
supposed  proportion  of  productive  to  non-productive  oil 
territory  in  the  Butler-Clarion- Venango  region  of  160: 1600 
sq.  miles,  and  an  application  of  this  -^  ratio  to  the  Pitts- 
burgh gas  region,  thus :  2830  sq.  m.  around  Pittsburgh, 
(within  a  radius  of  30  miles)-s- 10  =  283  sq.  miles  of  possi- 
ble gas-rock  area.  This  x  7,000,000,000'  gas  =  1,981,000,- 
000,000  per  square  mile,  capable  of  feeding  543  ten-million- 
foot  wells  one  year,  or  54  such  wells  t«n  years. 

Another  equally  fanciful  calculation  might  be  based  on  a 
ring  belt  one  mile  wide,  thirty  miles  around  Pittsburgh. 
This  would  give,  say  100  square  miles,  700,000,000,000'  gas, 
and  192  ten-million -foot  wells,  lasting  one  year. 

Such  calculations  are  not  of  any  value  in  the  absence  of 
underground  data,  except  as  warnings  to  theorizers,  and 
to  the  community  of  business  men  thirsting  for  genuine  in- 
formation. 
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No  snch  ring  belt  exists  aroand  Pittsburgh  ;  of  that  we 
may  be  quite  sure.  The  gas  areas  are  evidently  small ; 
scattered  irregularly ;  hemmed  in  by  water-areas  and  oil- 
areas,  and  not  absolutely  stationary,  but  shifting  their  po- 
sitions slowly.  This  shifting  will  become  comparatively 
rapid  as  the  stock  of  gas  gets  drawn  off  in  the  direction  of 
the  working  wells ;  and  what  was  at  first  a  gas-field  be- 
comes changed  to  an  oil-  or  water-field;  allowing  unex- 
ploited  gas-fields  to  move  forward  towards  the  areas  of  arti- 
ficially lowered  pressure ;  but  only  along  the  loose  sand 
streaks  in  each  formation. 

Such  calculations  as  the  above,  however  imperfectly  suc- 
cessful, will  be  repeated  in  improved  forms  as  we  get  fresh 
facts ;  the  principal  point  of  knowledge  being  a  carefully 
recorded  rate  of  decline  in  the  gauge  pressure  at  each  well. 
I  consider  it  certain  that  any  accurate  knowledge,  to  be  got 
respecting  the  condition  ard  quantity  of  the  gas  under- 
ground will  be  got  by — ^and  almost  only  by — ^a  systematic 
accumulation  of  recorded  well-pressures.  The  greatest 
jyains  should  be  taken  to  get  this  particular  class  of  facts. 
To  this  end,  automatic  self-registering  vacuum-gauges 
should  be  lowered  to  the  bottom  of  every  gas  well,  at  reg- 
ular time  intervals,  and  records  of  their  readings  kept.  It 
may  not  be  possible  to  do  this  ;  but  the  effort  should  be 
made  at  least,  at  some  one  test  well  in  each  group,  in  each 
district.  Snch  a  gauge  could  be  made  strong  and  be  loaded 
heavily  enough  to  sink.  No  one  knows  yet  even  the  sim- 
ple fact  of  the  proportionate  gas-pressure  at  the  bottom  of 
a  350(K  well  and  at  its  mouth.  The  difference  would  deter- 
mine the  friction  in  a  tube  of  that  size. 

What  is  true  of  any  one  great  gas-horizon  must  be  true 
of  other  higher  or  lower  horizons,  viz:  that  all  calcula- 
tions made  at  present  fail  for  want  of  certain  data.  I 
think  however,  that  in  the  course  of  the  next  two  years 
the  visible  exhaustion  of  some  one  area  like  the  Murrays- 
ville  will  enable  careful  observers  to  reconstruct  their  equa- 
tions and  come  to  very  useful  conclusions  as  to  the  quanti- 
ties of  gas  at  their  disposal ;  i.  e.,  the  probable  data  to  be 
assigned  to  the  exhaustion  of  the  whole  gas  region. 
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The  exhaustion  of  the  gas /stock  underground  will  of 
course  depend  on  the  amount  abstracted.  Dr.  Chance 
takes  for  his  calculation  the  consumption  of  coal. 

If  the  Pittsburgh  region  replaces  20,000  tons  of  coal  per 
day  with  an  equivalent  (20,000x30,000')  600,000,000  cubic 
feet  of  gas  per  day,  or  219,000,000,000'  per  annum,  and 
wastes  none  extra  in  the  process,  it  is  easy  to  predict  total 
exhaustion  in  a  very  few  years.  If  the  whole  supply  came 
from  the  Murraysville  wells,  it  would  not  last  by  the  first 
calculation  given  above,  one  month  ;  by  the  second  calcu- 
lation given  above,  six  months.  In  fact  however,  it  is  at 
present  drawn  from  four  gas  fields  around  Pittsburgh  ;  and 
to  these  others  will  probably  be  added ;  but  I  see  no  good 
reason  for  supposing  them  any  more  copious  than  the  Mur- 
raysville field ;  nor  that  so  vast  a  drain  could  be  sustained 
by  them  all  combined  for  more  than  three  or  four  years. 

3,  RocJc-gas  composition. 

Oil-well  gas  is  a  compound  of  carbon  and  hydrogen,  or 
rather  a  mixture  of  a  good  many  such  compounds : 

1.  Marsh  gas,  C-+-H*,  "fire  damp,"  colorless,  odorless, 
not  condensable. 

2.  Aethan,  C*-|-H*,  colorless,  almost  ordorless ;  slightly 
luminous  flame. 

3.  Propan,  C^+H®,  colorless;  condensable  to  a  liquid 
form  at  1°  F. 

4.  Butan,  C*+Hio,  colorless;  liquid  below  32°  F.  (War- 
ren ;  other  authorities  say  at  63°,  and  at  68°  to  86°.) 

6.  Pentan,  C*-f"H^^,  of  at  least  three  varieties,  two  of 
which  have  been  found  in  our  petroleum ;  one,  a  colorless 
liquid  passing  into  gas  when  heated  to  99° -103°  F.,  and 
therefore  coming  up  as  gas  from  wells  over  2500  feet  deep  ; 
the  other,  a  colorless  liquid  passing  into  gas  at  86°  F.,  and 
therefore  coming  up  as  gas  from  wells  2000  feet  deep. 

The  remaining  compounds  in  petroleum  have  too  high  a 
boiling  point  to  present  themselves  in  the  form  of  gas  at 
the  mouth  of  any  of  our  wells.  They  are  obtained  by  dis- 
tilling petroleum. 

6.  Hexan,  C^+H^*,  four  varieties,  two  of  which  had  been 
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obtained  from  Pennsylvania  oil  previous  to  1875* :  one,  a 
mobile  liquid,  becoming  gas  at  144°;  the  other,  at  157°  P. 
These  heats  are  represented  by  depths  of  say  5000  feet 
more  or  less.  But  at  the  well  mouth,  the  excessive  cold, 
due  to  expansion,  would  immediately  restore  these  gases  to 
their  liquid  state. 

7.  Heptan,  C+H^*,  four  varieties,  two  at  least  recog- 
nized in  Pennsylvania  petroleum  by  Schorlemmer;  one, 
boiling  at  194°;  the  other,  at  209°  F.,  representing  depths 
of  7000  and  8000  feet  beneath  the  surface. 

8.  Octan,  C^+H^®,  two  varieties,  both  found  in  our  i)e- 
troleum  ;  one,  boiling  at  241°  to  246°.  the  other,  at  254°  to 
257°  F. 

9.  Nonan,  C»+H»o,  boils  at  303°  F. 

10.  Decan,  C^^+H^^,  boils  at  330°+F. 

11.  Undecan,  C^^+H**,  boils  at  356°+F. 

The  solid  paraffines  of  the  Ethylene,  or  define  series, 
are  represented  in  Pennsylvania  petroleum  by : 

Decylene,  C^^+R^\  boils  at  347°  F. 

Undecylene,  C^^+Haa,  boils  at  383°  P. 

Bidecylene,  C^^^^H^S  boils  at  402°  F. 

The  Benzole  (aniline  dye)  series  with  a  formula  0"*+ 
H***-®;  the  naphthaline  (color)  series,  C"»+H»">-i»;  the  an- 
thracene series,  C^H**^"**;  do  not  seem  to  be  represented. 

• 

li.  Hock-gas /uel-valtte. 

One  pound  of^coal  weighs  25  cub.  ft.  of  gas. 
One  pound  of^coal  has  a  fuel-value]of  7i  cub.  ft.  of  gas.t 
1000'  of  gas  =  1  bushel  (76  lbs.)  bit.  coal. 
In  1885,  300j^miles  of  gas  mains  to  the  factories  and 
dwellings  of  [and  around  Pittsburgh  furnished  heating 

*See  Dr.  Sadtler's  appendix  to  Report  B,  p.  172,  from  which  these  faotswre 
quoted. 

fThis  was  the  revised  judgment  of  the  Committee  of  the  Engineers'  Soo.  W. 
Pa. ,  who  reported  that  a  boiler  (which  did  not  quite  satisfy  them  as  guying 
the  most  economical  results)  which  evaporated  0  lbs.  water  by  1  lb.  coal,  evap- 
orated 20.31  lbs.  water  by  1  lb.  ga&  Allowing  28|  cubic  feet  to  1  lb.  of  gas,  we 
have:  (1)  1  lb.  gas  =  2.255  lbs.  coal ;  and  (2)  1  lb.  coal  =  10.12  cub.  ft.  gas  for 
evaporating  water.  But,  for  the  above  reason,  sayZ^.  (See  description  of 
test  in  Seienti/le  American,  supplement  No. 520,  December  10, 1885.) 
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power  equal  to  2,000,000  bush,  of  coal  per  month=l,000,000 
tons  of  coal  per  annum.* 

Before  the  end  of  1885  one  gas  company  in  Pittsburgh 
reported  335  miles  of  pipe  of  all  sizes,  displacing  the  use  of 
about  10,000  tons  of  coal  per  day,  or  3,650,000  tons  per  an- 
num, the  consumption  growing  rapidly.f 

Probably  5000  men  will  be  dispensed  with.:}: 

The  waste  at  the  wells  being  at  first  enormous,  there  was 
no  economy  at  the  works  ;  but  of  late  precautions  have 
been  taken  to  economize  the  supply. 

The  gas  is  odorless,  because  free  from  sulphur,  etc. 

This  purity  must  be  taken  into  account  in  estimating  its 
value  as  a  fuel.  It  makes  better  iron,  steel,  and  glass  than 
can  be  made  with  coal  gas  or  coal.§ 

It  makes  steam  more  regularly,  because  there  is  no  open- 
ing or  shutting  of  doors,  and  no  blank  spaces  left  on  grate 
bars  for  the  entrance  of  cold  air.  When  properly  arranged, 
its  flow  regulates  the  steam  pressure,  leaving  the  engine- 
man  nothing  to  do  but  watch  the  steam  gauge. 

Boilers  last  longer,  and  fewer  explosions  result  from  un- 
equal expansion  and  contraction  when  cold  air  strikes  hot 
plates.  II 

The  theoretical  value  of  gas  as  compared  with  coals  is 
Stated  in  the  report  of  S.  A.  Ford,  chief  chemist  of  the  Ed- 
gar  Thomson  steel  works,  210^069^60J^  heat  units  in  1000 
cubic  feet  of  gas^  weighing  38  lbs.  avoirdupois,  while  the 
same  weight  of  carbon  contains  139,398,896.  ~ 

*Saine,  page  83.  This  is  more  than  one  third  of  the  total  looal  oonsumption 
of  ooal  in  1884-5. 

fW.  P.  Shinn,  Feb.,  1886.  Mr.  Carnegie  stated  in  1885  that  the  iron  and 
steel  mills  of  Pittsburgh  needed  166,000  bushels  of  ooal  per  day;  that  40,000 
had  been  replaced  by  gas.  Sixty  glass  works  needed  20,000  bushels,  mostly 
now  replaced  by  gas.  Outside  the  city  limits  the  replacement  had  been  about 
the  same. 

^In  a  steel  rail  mill,  instead  of  80 stokers  per  8  hours  (=90  per  day  to  han- 
dle 400  tons  of  ooal)  only  one  man  per  8  hours  is  now  needed  to  watch  the 
water-gauges.    (  Carnegie. ) 

§This,  of  itself,  proves  that  it  does  not  originate  in  ooal  measures.  But,  if 
it  be  the  decomposition  of  any  kind  of  animal  or  vegetable  tissue  it  is  hard  to 
explain  the  lack  of  odor. 

II  A.  Carnegie. 

43 
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Therefore,  1000'  gas  »  57.26  lbs.  carbon,  or 

Coke,  (at  90  per  cent  carbon)  62.97  lbs.,  or 

Bitaminons  coal,  54.4  lbs.,  or 

Anthracite  coal,  58.4  lbs.* 

The  gas  thus  compared  with  coal  by  Mr.  Ford  was  a  gas 
of  average  chemical  camposUwn.  In  point  of  fact,  gas 
from  one  well  differs  from  gas  from  another  well ;  and 
the  gas  from  one  and  the  same  well  varies  in  its  chemical 
composition  continaally.f 

GhEis  from  the  same  well  was  found  to  vary  in  Nitrogen 
from  23  per  cent  to  0  per  cent ;  in  Carbonic  Acid  from  2 
per  cent  to  0  per  cent ;  in  Oxygen  from  4  i)er  cent  to  0.4 
per  cent,  and  the  companeni  ga^es  varied  likewise.  :t 

Six  samples  taken  from  one  well  on  the  18th,  25th,  28th, 

*Mr.  Ford  premiaes  that  these  aaionlations  are  purely  theoretioai,  giving  a 
mazlmain  heat  which  will  probably  never  be  Itilly  realiaed  by  the  best  ar- 
rangements. In  oonciuflion  he  aaya  that  in  these  aaionlations  no  aoooant  is 
taken  bf  the  loos  of  heat  by  radiation,  Ao.,  the  only  object  being  to  compare 
the  fuels  in  respect  to  their  heat  unit& 

fit  follows  in  the  case  of  wells  in  the  same  gas  basin  and  gas  rock,  that  if  the 
wells  differ  each  well  must  Vary.  Arrange  four  wells  in  a  square,  N.,  E.,  S., 
and  W.,  around  a  fifth  well  in  the  center  of  the  square ;  then  the  gas  of  the 
center  well  will  come  from  N.,  K,  S. ,  and  W. ,  at  varyini^^tes  of  speed,  ac- 
cording to  the  quality  of  the  rock.  It  will  therefore  deliver  a  varying  mix- 
ture of  N.,  E.,  8. ,  and  W.  gases.  Place  three  other  wells  E. ,  N.,  and  W.  of 
the  first  N.  well;  then  the  first  N.  well  will  behave  in  like  manner;  and  so  on 
throughout  a  group.  But  what  are  we  to  think  of  such  a  state  of  things  in  the 
gas  rock  T  Has  it  once  been  charged  with  a  homogeneous  gas,  and  has  the  gas 
been  subsequently  difl'erentiated  T  Has  it  always  been  charged  with  one  kind 
of  gas  here,  another  there;  and  are  these  various  kinds  of  gas  now  mingling 
for  the  first  time?  If  each  kind  has  always  been  localised  does  not  that  fact  (if 
a  &ct)  settle  the  question  of  the  original  production  of  the  gas  in  the  rock  it- 
self? Can  ascension  from  below  of  any  but  homogeneous  gas  into  the  sand- 
rook  be  conceived?  or  even  if  variable  gas  came  to  the  sandrock  from  below, 
must  they  not  have  mingled  to  have  produced  a  homogeneous  charge  in  the 
rock?  other  questions  can  be  asked.  The  fact  of  variahle  composition  seems 
to  me  to  be  the  pivot  of  the  discussion  on  the  origin  of  gas.  It  seems,  mor^ 
over,  to  bear  with  great  weight  on  reasoning  about  porosity,  pressure,  veloo- 
ity,  and  quantity. 

X  Wei  s  deposit  interesting  minerals.  In  one  case  the  pipe  was  nearly  choked 
with  soft  grajdsh-white  chloride  of  calcium.  In  another  case  the  first  rush  of 
gas  threw  out  crystals  of  carbonate  of  ammonia,  and  when  this  first  issuing 
gas  was  tested,  Mr.  Ford  found  a  '*  considerable  amount  of  that  alkali. "  In 
about  2  months  the  gas  of  this  well  began  first  to  show  chloride  of  calcium. 
Both  these  deposits  are  directly  referable  to  the  presence  of  salt  water  some- 
where in  the  rock  behind  the  gas. 


(6.) 

(c.) 

(d.) 

(e.) 

(A) 

75.16 

72.18 

65.25 

60.70 

49.58 

14.45 

20.02 

26.16 

29.08 

85.92 

4.80 

8.60 

5.50 

7.02 

12.80 

0.60 

0.70 

0.80 

0.08 

0.60 

1.20 

1.10 

0.80 

0.78 

0.80 

0.80 

1.00 

0.80 

0.58 

0.40 

0.30 

0.80 

0.60 

0.00 

0.40 

2.8» 

0.00 

0.00 

0.00 

0.00 
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-and  29th  Oct.,  24th  Nov.,  and  the  4th  Dec,  1884,  gave  the 
following  analyses  :* 

(a.) 

Marsh  gas, 57.85 

Hydrogen, 9.64 

Ethylio  hydride,    ....  5.20 

Oleflantgafl, 0.80 

Oxygen, 2.10 

Gar  bonio  oxide, 1.00 

Carbonic  add, 0.00 

Nitrogen,  .  ' 28.41 

The  heat-units  of  these  six  samples  of  gas  vary  accord- 
ingly ;  thus : 

(a.)  Oas  ooliected  October  18, 1884 592,880 

(&.)  Gas  coUected  October  25, 1884, 745,691 

(6.)  Gas  collected  October  28, 1884, 728,746 

(d.)  Gas  collected  October  29, 1884, 698,852 

(0.)  Gas  collected  November  24, 1884, 627,170 

(/.)  Gas  collected  December  4,  1884, 745,818 

And  this  variation  of  the  fiLel  valine  of  gas  may  explain 
"the  dissatisfaction  with  the  pressure  so  often  telegraphed 
from  the  works  to  the  central  office  in  Pittsburgh.  When 
the  heat  fails,  the  engineers,  •puddlers,  and  glass- makers 
blame  the  pipe-supply,  when  they  should  blame  the  chemi- 
<5al  composition  of  the  gas.f 

An  average  of  the  six  analyses  and  heat-units  would  be 
as  follows: 

•The  figures  in  the  above  table  are  copied  from  the  printed  figures  in  the 
Arner,  Man.  Supplement,  April,  *86,  and  may  contain  errora  The  great  quan- 
tity of  nitrogen  found  in  the  first  sample  (Oct  18th)  is  very  remarkable,  and 
shows  a  large  mingling  of  air  with  the  gas. 

t  The  analyses  of  the  chemist  of  the  Cambria  Iron  Company,  at  Johnstown, 
exhibit  similar  Tariatlons.  But  Dr.  Chance  has  suggested  a  possible  serious 
source  of  error  in  our  calculations  of  ftiel-yalue  based  upon  the  heat-units  of 
the  elements  of  rock-gas,  if  we  accept  Without  challenge  analyses  like  those  of 
Dr.  Sadtler  and  Mr.  Ford,  which  show  what  is  supposed  to  be  free  hydrogen 
ranging  in  the  most  remarkable  and  incomprehensible  manner  from  a  mini- 
mum of  say  10  per  cent,  to  a  maximum  of  say  40  per  cent.  In  gas-analyses 
**free  hydrogen"  cannot  be  separately  obtained  and  its  volume  or  weight  di- 
rectly measured.  Its  percentage  is  a  calculation,  and  may  be  a  deception. 
There  is  no  conclusive  proof  that  hydrogen  exists  free  in  the  well-gas.  *  And 
^t  is  a  very  significant  fieuit  that  when  the  percentages  of  marsh  gas,  hydrogen, 
and  ethyl ic  hydride  are  added  together  and  recalculated,  the  variability  of  the 
series  of  analyses,  in  respect  of  its  fuel  value^  disappears. 
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(X.) 

Mamfagafly 07.00 

Hydrogeiif 22.00 

EtbyUo  hydride, 5.00 

Olefimotgafly 1.00 

Oxygen, 80 

GarboiiSc  oxide, 60 

Carbonic  add, .00 

Nitrogen, 8.00 


(y-) 

(«.) 

48.0256 

627,358 

L0712 

67,929 

6.7200 

77,679 

L26S4 

14,910 

L1468 

a7fi26 

1,808 

1.2257 

&7682 

64.8585 

789,694 

(8.761  cab.  feet)»(1000  grainssr) 

in  which  {x)  shows  percentages  in  100  liters ;  {y)  weights 
in  grammes ;  {z)  heat-units.  Consequently,  1000  cubic  feet 
(=265,887  grains=38  lbs.)  contain  210,069,604  heat-units. 
But  38  lbs.  carbon  contains  139,398,896  heat-units.  There- 
fore, 57i  lbs.  carbon=1000  c.  f.  gas.  In  like  manner  63 
lbs.  coke  (90  per  cent  carbon)=1000  c.  f.  gas.  Therefore, 
when  coke  is  worth  $2.50  j^r  net  ton  the  fuel- value  of  gas^ 
is  8  cents  per  1000\  By  similar  reasoning  on  the  use  of  the 
better  qualities  of  Pittsburgh  coal  (64^  lb.=l(KX)'  gas), 
when  the  coal  is  at  $1.25  per  net  ton  the  fuel-value  of  gas 
is  3^  cents  per  1000'. 

Coal-gas  {artificially  produced)^  well  purified,  has  re- 
cently had  its  fuel  value  determined  at  580,000  heat-units 
per  100(>  cubic  feet.    Hithei-to  its  value  has  been  overstated,  f 

It  is  specially  noteworthy  that  the  artificial  coal  gas 
varies  in  fuel  value,  just  as  the  natural  gas  varies.:|: 

*  Ford's  report  to  the  Edgar  Tlioinpson  Steel  Woriu,  quoted  by  A.  Carnegie. 

t  Aim6  Wltz,  in  Ann.  de  ChenL  ef  de  Physique.  (See  abstraot  in  Eng.  and 
M.  J.,  N.  Yorlc,  March  6, 1886,  p.  167. )  He  cites  Aooum's  treatise  on  gas  iight- 
ing,  where  1C,000  calorics  for  1  cub.  m.  gas  is  evidently  too  high.  F.  Fischer, 
by  a  similar  method,  raised  from  320  to  2120  F.  2.2  lbs.  water  with  a974'  gaa 
Lefebvre  could  not  do  it  with  less  than  1.126'.  The  greatest  ayailable  heat  in 
gas  ftimaoes  is  therefore  3600  cai.  per  cub.  meter.  No  heat-unit  calculation 
can  be  got  from  this  method.  Dugald  Clark  has  estimated  Manchester  gas  at 
£640  and  liondon  gas  at  6872  cal.  (=504,888  and  480,268  foot-pounds  per  cub. 
foot  ga&)  Wit^  by  Bertholot's  explosion  method,  after  many  experlmenta 
under  varying  conditions  of  time,  heat,  and  pressure,  got  the  average  of  stand- 
ard French  gas  as  5200  cal.  per  cub.  m.  (=584,000  British  units  per  1000'. )  The 
generally  accepted  standard  of  6000  is  therefore  too  high. 

|Gas  fW>m  the  same  works  varied  at  different  seasons  of  the  year  from  4719 
to  5425  calorics;  and  comparing  coal-gss  from  different  gas-works,  the  range 
of  variation  was  found  to  differ  little  at  the  different  works.  This  shows  that 
the  variation  is  an  essential  element  in  the  manulhoture  itself,  and  does  not 
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If  the  theoretical  valzie  of  1000'  gas  equals  that  of  64.4 
lb.  bituminous  coal,  (or  41,000'  ga8=2240  lbs.  coal,)  it  will 
be  quite  safe  to  adopt  a  practical  equivalence  of  30,000'  gas 
to  1  ton  coal. 


The  difference  in  two  volumetric  analyses  of  Grapeville 
dry  gas,  made  by  Mr.  Morrell,  the  chemist  of  the  Cambria 
Iron  Company,  iu  February,  1886,  is  very  striking : — 

OrapevilU  gas. 

Feb,  6,  J^eb,  IS. 

Marahgas, 85.08  14.98 

Ethyl-hydride, 28.87  89.64 

Nitrogen, 27.87  18.89 

Hydrogen, 7.06  24.66 

Oletiantgas, 0.17  0.96 

Oxygen, 0.16  1.22 

Carbonio  add, 0.58  trace. 

Carbonic  oxide,     0.22  trace. 

Heat  units  in  100  litres, 769,766  882,604 


Comparing  with  this  the  gas  of  the  Siemen's  producer  at 
the  Cambria  Iron  Works,  the  diflference  in  heat  value  is  im- 
portant : — 

Nitrogen,      66.00 

Hydrogen, 12.00 

Carbonic  acid, 4.00 

Carbonic  oxide, ...  28.00 

Heat  units  in  100  litres, 121,252 


An  analysis  of  the  Grapeville  gas,  from  a  well  half  a  mile 
north  of  Grapeville,  in  Westmoreland  county,  the  well  be- 
ing 1099'  to  top  of  sand,  and  1102'  deep,  gave : — 

depend  upon  the  management  of  the  works.  The  purifying  process  destroys 
6  per  cent  of  the  fuel  value  of  coal  gas.  The  produce  of  the  last  hour  of  dis- 
tillation has  a  lower  (not  higher)  value  than  the  first  hour.  The  value  is  in- 
creased 77  per  cent  by  oarburation  with  gasoline;  the  gasoline  employed 
becomes  rapidly  less  volatile,  and,  when  reduced  to  one  fourth  its  volume  t 
has  an  enriching  power  of  only  84  per  cent.  1  gas  -f  6  air  produces  complete 
combustion,  leaving  no  trace  of  carb.  oxide;  but  excessive  dilution  causes 
manifestly  im perfect  combustion .  F.  W.  Hartley's  ex periments  with  15-candle 
coal-gas  gave  622,000  h.  u.  per  1000.'    (See  Trans.  Gas  Inst.,  1881.) 


678  GEOLOGICAL  SUBVET  OF  PEX^'a,  1885. 


63f  voiuwu.  (100  Kfres.) 

ManhgvsCH^, 35.08  07,540 

Ethyl-hydride,  C,H«. S.87  4<7,in 

KStrageo, S7.87  OMlOOO 

Hydrogen,                  7*05  Sl,f^0S 

OJefieot  gafl»  C^H^, 0l17  S,5Sa 

Oxygen,               O-ltf  0.000 

Cta-bonle  add, 0.58  O.O0O 

Gerbooie  oxide, 0. 


100.00  760,706 


It  may  be  well  to  place  on  record  the  current  prices  of 
rock-gas  charged  to  consumers  at  Pittsburgh,  by  the  Phila- 
delphia Company,  which  may  be  taken  as  the  ruling  prices, 
in  April,  188t5,  as  reported  in  the  trade  columns  of  Bag.  A 
Mtn.  Jour.^  N.  Y. : — 

Iron  anditeel: 

Poddling,  groei  ton, 91.00 

Heeling  (each  heat),  grosB  ton, 10.40  to        .60 

BoUeni,  per  month, 50.00  to    100.00 

Total  ooat  gaa  per  ton  iron,  alngle  heated,  groaa 

ton L80  to       2.10 

Sheet  inm  or  ateel,  groai  ton, 2.25  to       2.60 

Hoop  iron  or  ateel,  groaa  ton, 2.25  to       2.60 

Open  hearth  melting,  groai  ton, .70 

Cmcible  ateel  melting,  groai  ton, .50 

Hammer  ftimaoea,  per  day, LOO  to       L60 

Glaas: 
Flint,  each  10-pot  fhmaoe,  per  month, ....  160.60 

Flint,  each  large  glory-hole,  per  month,  ...  80.00 

Flint,  each  amall  glory. hole,  per  month,  15.60  to     20.00 

Flint,  each  lear,  per  month, 25.00 

Flint,  each  ateam-boiler,  per  month,     .  .  85.00  to     50.00 

Ayerage  ooat  gaa,  about  f28  a  pot  per  month. 
Window  glaas— Average  833. 88  a  pot  per  month, 
blowing  famaeea,  flattening  oirena,  aand  ftir- 
nacea  and  boilera  indaded. 
Green  bottle  glaas,  aame  aa  window  glaaa. 
Boilera  in  general  worka  range  from  820  to  8150 
a  month. 

Oil  atills,  per  month, 35.00  to    100.00 

Brick  kilna  and  drying  floora,  per  M.,     ...  1.00 

Fire-briok,  per  Bi., LOO  to       1.40 

Domeatio  nae—Thia  ia  baaed  on  n  amber  of  aquare  feet  heated,  the 
baaia  being  810  a  year  for  15  aquare  feet.  The  charge  for  heating 
atovea  ia  82.50  per  month,  for  open  gratea,  82.00. 
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The  Philadelphia  Company  supplied  the  following  in 
in  March : 

Boilers, 967 

Heating  ftirnaoeB,  large, 687 

Heating  ftirnaoes,  small, 223 

Puddling  fbrnaoes, 505 

Cmoible  ftimaoes, 21 

Open-hearth  ftimaoe,  (with  running  attaohments,) 18 

Hammer, 58 

Nut,  bolt,  and  chain, 60 

Glass-melting  pots,* 628 

Glory-holes,  lears,  ovens,  dto., 878 

Oil  stills,      81 

Briok-Ulns, 18 

Drying-floors, 28 

Dwelling  houses,  over 4,500 


The  incrustation  of  a  gas  well  was  found  to  be  common 
salt  (chloride  of  sodium)  containing  only  traces  of  magne- 
sia and  potash  (sulphates  being  absent),  practically  entirely 
soluble  in  water. 

Another  incrustation  from  the  casing  of  a  well  was,  on 
the  contrary,  essentially  silicate  of  ahtmina: — Sil.,  50.70; 
AL,  41.10;  Water,  3.96;  with  traces  of  Iron,  Manganese, 
and  organic  matter. 


Shall  I  bore  for  gas  at  my  works  ?  is  a  question  so  often 
asked  and  so  seldom  answered  with  intelligence,  that  a 
short  statement  of  the  principles  involved  in  a  correct  an- 
swer to  it  will  probably  be  of  use  to  more  than  one  reader 
of  this  report. 

First  of  all,  there  can  be  no  gas  stored  up  in  the  oldest 
rocks.  This  at  once  settles  the  question  in  the  negative  for 
the  whole  south-eastern  third  of  the  State.  To  bore  for  gas 
in  Bucks,  Montgomery,  Philadelphia,  Delaware,  Chester, 
Lancaster,  York,  or  Adams  counties  would  be  simply  ab- 
surd. 

Secondly,  there  can  be  no  ga«  left  underground  where  the 
old  rocJcs  have  been  turned  up  on  edge  and  overturned^ 
fractured  and  recemented^  faulted  and  disturbed  in  a 
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thousand  ways.  If  there  ever  was  any,  it  has  long  since 
found  innnmerable  ways  of  escape  into  the  atmosphere. 
This  settles  the  question  in  the  negative  for  all  the  counties 
of  the  great  valley:  Northampton,  Lehigh,  Berks,  Leba- 
non, Dauphin,  Camberland,  and  Franklin,  as  any  one  can 
see  by  looking  at  the  present  condition  of  their  limestone, 
slate  and  sandstone  formations. 

Thirdly,  there  is  not  the  least  chance  that  any  gas  is  left 
underground  in  the  greaily folded^  faulted^  crushed^  aihd 
hardened*  formaiions  of  the  middle  belt  of  the  State :  Car- 
bon, Schuylkill,  Lehigh,  Luzerne,  Columbia,  Montour, 
Northumberland,  Union,  Snyder,  Lycoming,  Perry,  Juni- 
ata, Miffin,  Centre,  Clinton,  Huntingdon,  Blair,  Bedford, 
and  Fulton  counties.  Where  the  oil-  and  gas-rocks  rise  to 
the  surface  in  these  counties,  as  they  do  in  a  thousand 
places,  they  show  that  all  their  oil  and  gas  has  escaped 
long  ago. 

Fourthly,  where  the  rock  formations  lie  pretty  flat  and 
have  remained  nearly  undisturbed  over  extensive  areas, — 
as  in  Wayne  and  Susquehanna,  parts  of  Pike  and  Lacka- 
wanna, Wyoming,  Bradford,  Tioga,  Potter,  and  all  the 
counties  west  of  the  Allegheny  mountain, — there  is  always 
a  chance  of  finding  gas  (if  not  oil)  at  some  depth  beneath 
the  surface  determined  by  the  particular  formation  which 
appears  at  the  surface  ;  but  as  yet  we  have  no  satisfactory 
evidence  of  the  existence  of  quantities  of  rock-gas  in  any 
of  these  counties  east  of  Potter. 

Fifthly,  wherever  the  bituminous  coal-beds  have  been 
changed  into  anthracite  or  semi- bituminous  coal,  it  is  rea- 
sonable to  suppose  that  the  same  agency  which  produced 
the  change,  whatever  it  was,  must  have  acted  upon  the 
whole  column  of  formations  including  any  possible  gas- 
rock  at  any  depth. 

Sixthly,  wherever  rock-oil  has  been  found,  there  and  in 
the  surrounding  region  rock-gas  is  sure  to  exist. 


Report  of  the  Progress  of  the  Geodetic  Triangulation  of 

Pennsylvania.  * 


By  Mah BFiELD  Mbbriman,  ^ettfi^  A99i8iant  UJ8.  Coast  and  Geodetie  Survey, 


It  is  the  object  of  this  article  to  give  an  account  of  the 
triangulation  executed  in  Pennsylvania  during  the  past . 
eleven  years  by  the  United  States  Coast  and  Geodetic  Sur- 
vey. The  subject  will  be  divided  into  four  parts.  First,  a 
statement  concerning  the  nature  of  the  triangulation  and 
the  use  that  can  be  made  of  it ;  second,  a  brief  account  of 
the  methods  employed  ;  third,  a  record  of  the  yearly  pro- 
gress of  the  work,  and  fourth,  a  statement  of  the  principal 
geographical  positions  thus  far  determined. 

i.  The  Nature  of  a  Geodetic  Triangulation. 

The  operation  of  triangulating  consists  in  determining, 
by  means  of  triangles,  the  positions  of  points  on  the  sur- 
face of  the  earth,  so  that  they  may  be  laid  down  on  paper 
in  their  proper  relative  locations  and  serve  as  a  basis  for 
the  construction  of  an  accurate  map.  If  the  area  embraced 
in  the  work  be  large,  the  form  and  size  of  the  earth  must 
be  taken  into  account  by  means  of  the  science  of  geodesy, 
and  hence  the  triangulation  is  called  geodetic. 

When  a  land  surveyor  determines  the  area  of  a  field  by 
the  old  method  of  compass  and  chain,  he  measures  the 
length  and  the  magnetic  bearing  of  each  of  its  sides.  From 
these  measurements  the  coordinates  of  each  corner  of  the 
field  with  respect  to  an  assumed  origin  and  axes  are  easily 
computed.  One  of  these  coordinates  is  the  distance  of  the 
point  east  or  west  from  the  assumed  meridian  ;  another  is 
the  distance  of  the  point  north  or  south  of  the  corner  takeh 
as  the  origin.  These  two  coordinates — sometimes  called 
longitude  and  latitude — locate  the  position  of  the  point  and 
enable  it  to  be  plotted  in  its  proper  place  relative  to  the 

*  Written  for  this  report  by  authority  of  the  Saperintendent  of  the  U.  S. 
Coast  and  Geodetic  Sarvey. 
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Others,  In  geodetic  work  points  are  located  in  a  similar 
manner  by  means  of  their  latitudes  and  longitudes.  The 
word  latitude,  however,  is  used  in  its  geographical  sense 
as  meaning  the  distance  from  the  equator  expressed  in  de- 
grees, minutes,  and  seconds  of  arc,  and  the  word  longitude 
denotes  the  distance,  similarly  expressed,  from  an  assumed 
meridian.  The  meridian  used  by  the  Coast  and  Geodetic 
Survey  is  that  of  Greenwich.  Of  course  all  points  in  this 
.  country  are  in  north  latitude  and  in  west  longitude. 

The  question  of  constructing  an  accui*ate  map  of  a  given 
area  may  be  said  to  reduce  to  the  determination  of  the  lati- 
tudes and  longitudes  of  a  sufficient  number  of  points.  For 
instance,  if  the  latitude  and  longitude  of  each  street  corner 
in  a  town  were  known  with  precision,  it  would  be  easy  to 
make  a  map  showing  the  streets  by  simply  plotting  each 
corner  by  means  of  those  coordinates,  and  then  drawing 
the  proper  lines  to  connect  the  points.  As,  however,  there 
is  no  cheap  and  accurate  method  of  determining  the  lati- 
tudes and  longitudes  in  such  a  case,  other  methods  must 
be  used  for  locating  the  points  so  that  they  fall  upon  the 
map  in  their  proper  relative  positions. 

It  is  one  of  the  objects  of  the  triangulation  of  Pennsylvania 
to  determine  the  latitude  and  longitude  of  each  of  its  sta- 
tions. A  triangulation,  in  fact,  may  be  defined  as  a  cheap 
method  of  determining  the  latitudes  and  longitudes  of 
points.  Incidental  to  this,  and  yet  important  for  the  pros- 
ecution of  surveys,  is  the  determination  of  the  lengths  of 
the  sides  of  the  triangles  and  of  the  angles  which  those 
sides  make  with  the  true  meridian. 

If  the  latitude  and  longitude  of  a  point  be  determined 
by  means  of  astronomical  observations  and  computations, 
its  position  upon  the  earth's  spheroid  is  known.  Now,  if 
the  latitude  and  longitude  of  another  point  in  that  neigh- 
borhood be  required,  the  cheapest  method  is  not  to  take  a 
second  set  of  astronomical  observations,  but  to  determine 
the  distance  between  the  two  points  and  the  angle  which 
the  line  makes  with  the  meridian,  and  then  to  compute  the 
difference  of  latitude  and  longitude.  For  example,  in  Fig.  1 
let  A  be  a  point  whose  geographical  position  has  been  astro- 
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tronomically  determined,  and  let  B  be 
a  second  point  to  the  south-westward,  ^'ff-  / 
whose  position  is  required.  Let  A  M  be 
a  meridian  drawn  through  A.  Now,  if 
the  distance  A  B  and  the  angle  B  A  M  be^ 
measured,  the  distances  A  M  and  B  M 
may  be  computed  by  plane  trigonometry 
if  the  line  A  B  is  short,  or  by  the  rules 
of  geodesy  if  the  length  of  A  B  is  suffi- 
cient to  require  the  curvature  of  the  earth 
to  be  considered.  The.se  distances  A  M 
and  B  M  are  then  converted  into  seconds 
of  arc,  and  the  latitude  of  B  is  equal  to  that  of  A  minus  the 
number  of  seconds  in  A  M,  while  the  longitude  of  B  is  equal 
to  that  of  A  plus  the  number  of  seconds  in  B  M. 

If  the  line  A  B  be  long,  it  will  seldom  be  possible  to  find 
its  length  by  direct  chaining,  but  one  or  more  triangles  will 
be  necessary.  The  simplest  case  is  that  when  a  third  point 
C  can  be  found,  which  is  intervisible  with  A  and  B,  and  so 
located  that  the  distance  A  C  can  be  directly  measured  by 
a  chain,  or  by  rods,  or  by  a  special  base  apparatus,  as  the 
precision  of  the  work  may  demand.  Then  by  measuring 
also  the  two  angles  BAG  and  B  C  A,  we  have  the  complete 

data  for  computing,  by  the 
rules  of  trigonometry,  the  re- 
quired distance  A  B.  More 
'^^ usually,  however,  the  base  line 
to  be  directly  measured  is  sit- 
uated at  some  distance  from 
the  point  A,  as  shown  at  G  H 
in  Fig.  2. 

Here  the  side  H  F  is  com- 
puted from  the  measured  base 
G  H  and  the  angles  F  H  G  and 
H  G  F.  Then  from  the  known 
length  of  H  F,  and  the  angles 
of  the  triangle  H  D  F,  the  side 
D  F  is  found,  and  thus  the 
computation    is    carried    on 
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until  the  required  distance  A  B  is  found.  By  extending 
the  computations  a  step  further  it  is  now  evident  that  the 
latitude  and  longitude  of  each  of  the  stations  C,  D,  F,  G, 
and  H  may  be  also  found ;  for,  since  the  angle  C  A  M  is 
known,  C  may  be  located  in  the  same  manner  as  B,  and 
from  C  the  point  F  is  located,  and  so  on  in  order. 

It  will  be  seen,  from  the  above  explanation,  that  a  geo- 
detic triangulation  includes  five  distinct  kinds  of  field  oper- 
ations ;  first,  the  astronomical  determination  of  the  lati- 
tude of  a  station ;  second,  the  astronomical  determination 
of  the  longitude  of  a  station ;  third,  the  astronomical  de- 
termination of  the  azimuth  (or  angle  made  with  the  true 
meridian)  of  one  of  the  sides ;  fourth,  the  measurement 
of  a  base,  and  fifth,  the  measurement  of  horizontal  angles. 
Practically,  however,  the  greater  part  of  the  field  work 
of  a  triangulation  consists  in  the  observation  of  angles, 
since  it  is  found  that  the  latitudes  and  longitudes  of  points 
two  or  three  hundred  miles  distant  from  an  astronomical 
station  can  be  computed  through  the  triangles  with  the 
necessary  precision  and  with  a  less  expense  than  by  other 
methods. 

Suppose  now  that  a  triangulation,  like  the  one  shown  in 
Fig.  2,  has  been  completed.  What  use  can  be  made  of  it  1 
The  two  coordinates— latitude  and  longitude — ^are  known 
for  each  of  the  stations.  At  each  station  the  azimuths  (or 
true  bearings)  of  all  the  lines  radiating  from  that  station 
are  known.  The  lengths  of  all  the  sides  of  the  triangles 
are  known.  How  can  these  be  used  to  construct  an  accur- 
ate map  of  the  country  ? 

In  the  first  place,  it  may  be  observed  that  the  triangula- 
tion furnishes  the  exact  geographical  positions  of  a  num- 
ber of  points,  so  that  these  may  be  plotted  in  their  proper 
places  with  respect  to  a  system  of  parallels  of  latitude  and 
meridians  of  longitude.  Starting  at  one  of  the  stations-^ 
for  instance  at  C — a  surveyor  may  at  once  determine  the 
true  meridian,  since  the  true  bearings  of  each  of  the  lines 
C  A,  C  D,  etc.,  are  known.  Then  he  may  make  a  local  survey 
of  the  country  around  C,  locating  the  roads,  streams,  houses, 
State  lines,  county  lines,  etc.,  with  reference  to  that  true 
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meridian.  Next,  going  to  the  station  F,  a  similar  survey 
may  be  made  for  that  vicinity.  These  topographical  sur- 
veys may  now  be  plotted  on  the  map,  and  each  will  be  in 
its  proper  position  with  reference  to  the  other.  If  the  sur- 
vey made  from  F  be  extended  to  meet  that  made  from  C, 
there  is  afforded  a  check  upon  the  accuracy  of  the  local 
surveys.  Hence  the  inaccuracies  of  the  topographical 
work  cannot  spread  and  increase,  for  a  constant  system  of 
independent  checks  is  obtained  wherever  a  connection  can 
be  made  with  the  triangulation.  The  triangulation  forms 
a  net- work,  or  rather  a  frame- work,  upon  which  everything 
else  in  the  map  is  hung.  This  large  frame-work  is  con- 
structed with  care  and  accuracy,  and  all  surveys  connected 
with  it  are  properly  connected  with  each  other  through  it. 

In  the  second  place,  it  is  maintained  that  the  cost  of  an 
extended  topographical  survey  is  a  minimum  when  based 
upon  a  geodetic  triangulation.  Each  side  of  the  triangula- 
tion furnishes  a  base  line,  whose  length  and  azimuth  are 
known.  The  great  value  of  an  accurately  determined  base 
line  for  the  prosecution  of  topographical  work  will  be  evi- 
dent to  every  surveyor.  From  it  other  points  may  be  lo- 
cated and  other  lines  of  reference  obtained.  The  true 
bearing,  or  azimuth,  of  every  line  of  the  survey  is  at  once 
determined  without  the  expense  of  astronomical  observa- 
tions. By  the  help  of  the  three  point  problem,  stations 
for  the  use  of  plane  table  or  stadia  (telemeter)  parties  may 
be  quickly  located.  The  constant  system  of  checks  renders 
the  accumulation  of  large  errors  impossible,  and  hence  less 
revision  of  the  iield  work  is  required.  Thus  the  effect  of  a 
triangulation  is  to  lessen  the  cost  of  topographical  surveys 
and  maps. 

Another  use  of  the  triangulation  that  will  be  ultimately 
made  is  that  of  furnishing  reference  points  for  the  precise 
description  of  the  boundary  lines  of  land  properties.  No 
system  for  this  purpose  has  yet  been  adopted  in  Pennsyl- 
vania, and  as  a  consequence  the  majority  of  land  records 
are  so  defective  that  the  retracing  of  old  lines  from  the 
recorded  descriptions  is  often  impossible,  and  almost  always 
attended  with  trouble  and  expense.     Ultimately,  when  the 


686       '      GBOLOOiCAL'srEVEY  OF  pets'a,  1885. 

secondary  and  tertiary  triaogalations  become  extended,  so 
that  one  or  more  stations  are  located  in  e^ery  township, 
the  monuments  which  mark  these  stations  will  enable  a 
system  to  be  formulated  whereby  the  boundaries  of  every 
fkrm  may  be  accurately  described.  Or,  in  other  words, 
from  these  monuments  the  latitude  and  longitude  of  each 
comer  of  the  farm  may  be  computed  and  recorded ;  to  re- 
cover a  lost  comer  it  will  then  only  be  necessary  to  run  the 
proper  lines  from  the  nearest  monument,  or  nearest  known 
comer,  so  as  to  determine  the  point  whose  geographical 
position  is  given. 

2.  TJie  Methods  of  Oeodetic  TYiangtUatian. 

Two  classes  of  triangulation  are  usually  recognized  in 
geodetic  work ;  the  primary  series,  which  connects  directly 
with  the  bases  and  which  employs  the  longest  possible 
lines';  and  the  secondary  series,  which  determines  points 
within  the  larger  triangles.  To  this  is  often  added  a  terti- 
ary series  which  locates  stations  for  the  special  use  of  plane 
table  and  stadia  (telemeter)  parties.  On  the  U.  S.  Coast 
and  Geodetic  Survey  it  is  required  that  in  the  primary 
series  the  probable  error  of  a  determined  angle  should  not 
exceed  0'^3,  and  that  the  limit  of  error  in  closing  a  triangle 
should  not  exceed  3",  while  for  the  secondary  series  the 
corresponding  values  are  0".7  and  6"  respectively. 

The  first  field  operation  is  that  of  reconnaissance,  which 
decides  upon  the  locality  of  each  of  the  stations.  These 
are  to  be  so  selected  as  to  secure  the  best  system  of  triangles, 
quadrilaterals,  or  hexagons,  to  cover  the  given  area  so  as  to 
satisfy  the  prescribed  conditions  of  accuracy  and  minimum 
cost,  both  in  the  execution  of  the  triangulation  and  in  the 
subsequent  use  that  is  to  be  made  of  it.  For  the  stations 
of  the  primary  series  usually  the  highest  elevations  are 
selected,  and  accordingly  the  longest  possible  lines  obtained 
consistent  with  the  formation  of  well  proportioned  figures. 
The  intervisibility  of  adjacent  stations  must  of  course  be 
insured,  and  if  possible  approximate  values  of  the  princi- 
pal angles  be  determined.  For  a  full  account  of  the  condi- 
tions required  to  be  observed  in  reconnaissance  work,  see 
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Report  of   the  Coast  and  Geodetic  Survey  for  1882,  pp. 
151—156. 

The  measurement  of  a  base  line  is  an  operation  which  re- 
quires the  most  precise  apparatus  and  careful  field  work  in 
order  that  its  length  may  be  accurately  determined.  As  a 
primary  base  line  is  only  5  or  10  miles  in  length,  while  the 
sides  of  the  primary  triangles  usually  exceed  20,  and  are 
sometimes  more  than  50  miles  long,  it  is  evident  that  any 
error  in  the  measurement  of  the  base  will  be  multiplied  in 
the  longer  lines,  and  accordingly  the  greatest  precision  in 
the  linear  measurement  is  demanded.  The  probable  error, 
or  uncertainty,  in  the  length  of  the  measured  bases  on  the 
eastern  coast  of  the  United  States  is  about  yyuSirT^^  P^^^  ^^ 
the  length,  although  the  lower  value  of  about  ^  (^  ^^^  ^  ^  was  at- 
tained in  the  cases  of  the  Massachusetts  and  the  Epping 
base.  The  former  of  these  fractions  is  equivalent  to  an  un- 
certainty of  a  quarter  of  an  inch  in  a  statute  mile,  and  the 
latter  to  one  eighth  of  an  inch  per  mile.  Concerning  base 
line  measurements,  the  following  articles  in  the  Reports  of 
the  Coast  and  Geodetic  Survey  are  among  others  referred 
to  :  Report  of  1854,  pp.  103-108  ;  Report  of  1864,  pp.  120- 
144 ;  Report  of  1873,  pp.  123-136  ;  Report  of  1880,  pp. 
341-344 ;  Report  of  1882,  pp.  107-149  ;  Report  of  1883,  pp. 
273-288. 

The  determination  of  the  astronomical  latitude  of  a  sta-* 
tion  is  generally  effected  by  measuring  with  a  zenith  tele- 
scope the  diflferences  of  the  zenith  distances  of  several  pairs 
of  stars.  The  longitude  of  a  station  is  found  by  comparing 
by  means  of  the  electric  telegraph  the  local  time  of  the  me- 
ridian of  the  station  with  that  of  some  astronomical  observ- 
atory whose  longitude  is  known.  The  azimuth  of  one  of 
the  lines  of  the  triangulation,  or  the  angle  which  it  makes 
with  the  true  meridian  at  one  of  the  stations,  is  determined 
by  observations  on  circumpolar  stars.  For  a  full  account  of 
the  methods  of  determining  latitude,  longitude,  and  azi- 
muth, reference  is  made  to  the  papers  in  the  Report  of  the 
Coast  and  Geodetic  Survey  for  1880,  pp.  201-286. 

The  iield  work  of  the  triangulation  in  Pennsylvania  has 
thus  far  consisted  only  of    reconnaissance,   and  of    the 
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measurement  of  horizontal  angles,  the  latitades,  longi- 
tudes, azimuths,  and  distances  being  determined  by  com- 
putations from  the  connection  with  the  main  triangnlation 
of  the  coast,  which,  in  its  turn,  is  connected  with  the  base 
lines  and  astronomical  stations.  The  nearest  bases  are  the 
Fire  Island  base,  on  the  southern  coast  of  Long  Island,  and 
the  Kent  Island  base,  on  the  eastern  shore  of  Chesapeake 
bay  opposite  Annapolis.  The  nearest  station  where  azi- 
muth has  been  observed  is  Principio,  in  the  north-eastern 
part  of  Maryland,  and  the  nearest  latitude  and  longitude 
stations  are  also  in  that  State. 

The  measurement  of  horizontal  angles  hence  constitutes 
the  principal  part  of  the  field  work  of  a  triangnlation. 
This,  although  theoretically  of  a  simple  nature,  is  in  prac- 
tice attended  with  some  difficulty  on  account  of  the  dis- 
tance of  the  signals  and  the  necessity  of  securing  a  high  de- 
gree of  precision  in  the  observations.  The  wooded  character 
of  the  summits  upon  which  the  stations  are  located  in  this 
State  has  rendered  it  usually  necessary  to  erect  towers  va- 
rying in  height  from  15  to  60  feet.  A  single  tripod  is  first 
constructed  to  support  the  theodolite,  and  around  this  an 
independent  scaffold  is  built,  so  that  the  motions  of  the  ob- 
server may  not  be  communicated  to  the  instrument.  For 
signals  to  be  observed  upon  at  the  surrounding  stations, 
•targets  and  heliotropes  have  been  employed,  the  former 
being  used  for  lines  less  than  about  20  miles  in  length,  and 
the  latter  for  longer  lines.  The  heliotrope  is  an  instrument 
by  means  of  which  the  rays  of  the  sun  are  reflected  from  a 
small  mirror  so  as  to  strike  the  observer's  station,  and 
which  are  seen  by  him  in  the  form  of  a  small  bright  star  or 
spot  of  light ;  for  long  lines  the  heliotrope  signal  is  almost 
indispensable,  since  targets  can  only  be  seen  under  the  most 
favorable  atmospheric  conditions. 

The  instrument  used  for  the  measurement  of  the  hori- 
zontal angles  in  this  State  is  a  Gambey  repeating  theodo- 
lite with  a  limb  ten  inches  in  diameter,  and  reading  by  two 
verniers  to  three  seconds.  The  angles  have  been  read  in 
sets  of  four  or  six  repetitions  each,  the  average  total  num- 
ber of  single  measures  for  each  independent  angle  being 
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usually  from  90  to  120.  In  each  set  one  half  of  the  measures 
are  made  with  the  telescope  in  the  direct  position,  and 
the  other  half  with  it  in  the  revsrse  position,  in  order  to 
eliminate  any  error  in  the  level  of  its  horizontal  axis.  Both 
verniers  are  read  in  order  to  eliminate  any  error  of  eccen- 
tricity in  the  graduated  plate.  Usually,  also,  the  sets  are 
taken  alternately  from  left  to  right  and  from  right  to  left, 
in  order  to  balance  any  errors  arising  from  the  use  of  the 
clamps  or  from  a  motion  of  the  tripod.  The  different  sets 
are  taken  upon  different  parts  of  the  circle  to  eliminate  any 
errors  in  the  graduation  of  the  limb.  Lastly,  the  observa- 
tions are  continued  over  several  days  in  order  that  the  sig- 
nals may  be  seen  under  different  atmospheric  conditions. 
The  following  is  an  example  of  four  sets  taken  at  Bake 
Oven  station  on  August  26, 1885: 


Station 
observecL 

0$ 

No.  of 
Rep& 

Reading. 

Angle. 

Smith's  Gap,     .... 

Knob,         ....... 

Smith's  Gap,     .... 

Smith's  Gap 

Knob,      

Smith's  Gap, 

8:45 
4:02 
4:06 
4:33 
4:37 
4:40 

4 
4 

4 
4 

QO  00' 
34     27 

0     00 
50     29 
84     57 
50    29 

A. 

00" 

54 

12 

33 

45 

42 

B 
12'' 

68 

21 

48 
57 
57 

Mean 
06".0 

58  .5 

16  .5 

40  .5 

51  .0 

49  .5 

980  86'  58".  1 
98     36   55  .5 

98    36   62  .6 
98     36   60  .4 

The  mean  of  all  the  values  thus  determined  for  the  differ- 
ent sets  constitutes  the  observed  value  of  the  angle.  Usually 
the  observations  are  extended  to  include  other  angles  than 
the  simple  independent  ones,  and,  in  such  cases,  an  adjust- 
ment of  the  observed  values  is  made  by  the  method  of  least 
squares.  For  instance,  the  station  Bear's  Head  was  occu- 
pied in  July,  1885,  and  the  five  primary  stations,  Penobscot, 
Knob,  Bake  Oven,  Port  Clinton,  and  White  Horse,  were 
observed  upon.  These  five  lines  include  four  simple,  inde- 
pendent angles,  but  the  angles  observed  numbered  ten,  be- 
ing aiil  the  angles  resulting  from  the  combination  of  the  lines 
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two  by  two.    The  following  shows  the  observed  and  ad- 
justed values  of  these  ten  angles : 


J^enbbscot 


Fig.  3. 


N 


Knob 


£€xhe  Oven 


Port  Clinton 


\Yhde  Hors^e 


Angle  at  Bear's  Head. 


White  Horse— Port  Clinton, 
White  Horse— Bake  Oven, 
White  Horse— Knob, 
White  Horse— Penobsoot, 
Port  Clinton— Bake  Oven, 
Port  Clinton— Knob,  .   .   . 
Port  Clinton- -Penobsoot, 
Bake  Oven— Knob,        .  . 
Bake  Oven— Penobsoot,    . 
Knob— Penobsoot,  .... 


No.  of 
reps. 


48 
40 
48 
40 
48 
48 
48 
48 
40 
48 


Observed  value. 


410  16' 

94  47 

129  19 

180  89 

63  81 

88  04 

139  24 

84  82 

85  62 
61  19 


89.97" 

12.71 

47.67 

48.48 

84.27 

05.76 

06.97 

38.16 

32.89 

69.71 


A^oated. 


40.38" 

14.02 

47.09 

47.24 

83.69 

06.76 

06.91 

33.07 

33.22 

60.16 
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The  total  number  of  measures  is  seen  to  be  466,  or  an 
average  of  114  for  each  independent  single  angle.  The 
work  at  this  station  began  on  July  20  and  was  finished  on 
July  30,  but  the  weather  only  permitted  observations  on 
eight  days,  and  on  five  of  these  measurements  could  not 
be  made  until  the  afternoon. 

A  full  account  of  the  method  of  marking  the  stations, 
constructing  the  towers  and  signals,  and  taking  the  angle 
observations  may  be  consulted  in  the  Report  of  the  Coast 
and  Geodetic  Survey  for  1882,  pp.  161-197.  This  paper 
Also  explains  the  methods  of  computing  the  triangle  sides 
and  finding  the  spherical  excesses  of  the  triangles. 

On  account  of  the  curvature  of  the  earth,  the  horizontal 
limb  of  the  theodolite  is  at  each  station  parallel  to  a  tangent 
plane  to  the  spheroidal  surface,  and  accordingly  the  sum 
■of  the  three  measured  angles  ot  a  triangle  should  be  greater 
than  180°.  The  spherical  excess  of  the  triangle  added  to 
180°  gives  the  quantity  which  the  sum  of  three  measured 
angles  should  equal,  and  their  difference  is  the  error  in 
closing  the  triangle.  Having  found  these  errors,  a  further 
adjustment  is  made  in  order  to  obtain  the  corrected  spheri- 
cal angles  of  the  triangle.  The  following  gives  the  angles 
and  the  error  of  closure  in  each  of  the  four  triangles  shown 
in  Fig.  4,  all  the  angles  of  which  were  measured  during  the 
season  of  1886 : 

Pimple  HiU,  .  .   49©  04'  60.13"  Pimple  Hm,  .  .   29©  68'  61.60" 

Smith's  Gap,  .  .   90    21  26.63  Knob, 91    67  61.64 

Bake  Oven,    .  .   40    33  46.91  Bake  Oven,    .  .   68    03  18.14 

Sam, 180    00  02.67  Sum, 180    00  01.28 

ISOO^-ezoefls,  .  .  180    00  01.66  180O-f  ezoeas,    .  180    00  01.43 

Error, -j-0.91  Error, —0.16 

Knob, 60    37   17.20  Knob 41    20  34.34 

Bake  Oven,     .  .    98    37  06.06  Pimple  HiU,  .  .   79    03  41.73 

Smitii*8  Gap,  .   .   30    46  41.36  Smith's  Gap,  .  .   69    36  44.18 

Sam, 180    00  03.60  Sam, 180    00  00.26 

ISOO-fezcesB,  .   .  180    00     1.26  ISOO-j-ezoeas,     .  180    00  01.83 

Error,    ....  -f2.34  Error, —1.68 

After  using  these  errors  of  closure  to  adjust  the  spherical 
angles,  the  plane  angles  of  the  triangles  are  found  and  the 
triangle  sides  computed.     Lastly  the  geodetic  latitudes, 
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mpieHilL 


rig,  4f 


Knoh 


thSFG€p 


longitudes,  and  azimuths  are  computed  by  the  methods  ex- 
plained in  the  Report  of  the  Coast  and  Geodetic  Survey 
for  1884,  pp.  323-375.* 

*Tbe  mean  error  (m)  of  an  adjusted  angle  is  a  quantity  which  has  been  ad- 
vantageously used  for  comparison  of  the  accuracy  of  various  triangu  ations, 
and  it  will  be  seen  that  for  the  best  executed  work  this  measure  does  not  ex- 
ceed 1". 

Of  course  it  does  not  follow  that  all  work  should  possess  this  accuracy ;  what 
is  required  is  a  proper  degree  of  accuracy  depending  upon  the  object  for 
which  the  triang^lation  was  undertaken  and  the  means  and  time  it  was  in- 
tended to  devote  to  it.  This  remark  is  made  in  order  that  no  unfair  criticism 
may  arise  in  the  mind  of  the  reader  in  looking  over  the  following  collection 
of  some  resulting  mean  errors : 

U.S.  Coast  and  G eodetic Survey, Yolo-base figure,  Cal.,  by  G. 

Davidson,  1876  — 1884,  ....  m=±0.6r' 

Survey  of  Hanover,  by  Gauss,  0.69" 

Survey  of  Prussia,  by  Morozowiez,  since  1867,      0.62" 

Survey  of  Denmark,  by  Andrae,  0.71" 

Coast  Survey  of  Prussia,  by  Bessel  <&  Bayer,  in  1888,  ....  0.72" 
U.  S.  C.  AG.  Survey  connection  of  Lakes  Cham  plain  and 

Ontario  by  secondary  triangulation,  by  C.  O.  Boutelle,  .  0.95" 
Survey  of  Penna.  by  the  U.  8.  C.  A  G.  Survey,  so-called 

Horse-shoe  secondary  triangulation,  by  Li.  M.  Haupt  and 

M.  Merriman,  1875  to  1882,  1.75" 

Ordnance  Survey  of  Great  Britain,  1784  to  1858, 2.21" 
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3.  Progress  of  the  T)'i angulation  in  Pennsylvania. 

During  the  past  twelve  years,  Congress  has  made  a  yearly- 
appropriation  ''for  furnishing  points  for  State  Surveys," 
by  the  extension  of  the  triangulation  of  the  U.  S.  Coast 
and  Geodetic  Survey.  The  annual  appropriation  during 
the  past  few  years  has  been  $16,000,  which  has  been  applied 
in  a  number  of  States,  the  average  proportion  for  Pennsyl- 
vania being,  previous  to  1885,  less  than  one  tenth  of  this 
sura.  This  amount  has  only  been  sufficient  to  keep  a  single 
party  in  the  field  for  two  or  three  months  of  the  year,  and 
accordingly  the  progress  of  the  work  has  been  slow.  The 
following  brief  statement  of  the  yearly  progress  is  derived 
from  the  annual  reports  of  the  Coast  and  Geodetic  Survey, 
except  that  of  the  season  of  1885,  which  is  furnished  by 
authority  of  the  Superintendent. 

In  the  spring  of  1876  the  Governor  of  Pennsylvania,  at 
the  instance  of  the  State  Geologist,  Prof.  J.  P.  Lesley,  re- 
quested the  superintendent  of  the  Coast  and  Geodetic  Sur- 
vey to  extend  the  triangulation  of  the  coast  so  as  to  deter- 
mine points  for  correcting  the  State  map.  Prof.  L.  M. 
Haupt,  having  been  appointed  Acting  Assistant  U.  S.  Coast 
and  Geodetic  Survey,  and  instructed  to  execute  the  work, 
took  the  field  on  July  1,  and  spent  the  summer  in  recon- 
naissance. Beginning  at  the  eastern  end  of  the  Lehigh  Val- 
ley, and  giving  attention  to  the  means  for  joining  with  known 
points  of  the  primary  triangulation  in  New  Jersey,  the  sta- 
tions Smith's  Gap  and  Bake  Oven,  on  the  Blue  mountain, 
were  first  selected.  Other  stations  to  the  southward,  on  the 
Durham  and  Reading  hills,  were  later  chosen,  so  that,  by  the 
close  of  the  season,  an  acceptable  scheme  of  triangulation 
had  been  laid  out,  extending  from  the  mouth  of  the  Lehigh 
to  points  westward  of  the  Schuylkill.  During  the  same  sea- 
son Assistant  G.  A.  Fairfield  identified  the  station  marks  at 
Principio,  in  Maryland,  and  at  Meeting-house  hill,  in  Del- 
aware, which  had  been  established  about  the  year  1840,  and 
made  a  reconnaissance  north-west  into  Chester  county  to 
begin  a  series  of  triangles  to  connect  with  those  of  Prof. 
Haupt. 

In  the  season  of  1876  the  reconnaissance  was  continued 
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and  the  triangulation  work  proper  begun,  six  tripods  being 
erected  and  four  stations  occupied  for  the  measurement  of 
angles. 

During  1877  there  were  [no  funds  availablejfor  the  field 
work,  but  in  1878  the  party  of  Prof.  Haupt  was  in  the  field 
from  the  first  of  June  to  the  middle  of  October.  Four  tri- 
pods were  erected  and  five  stations  occupied  for  the  meas- 
urement of  horizontal  angles.  Two  of  these  stations  were 
Principio  and  Meeting-house,  and  thus  a  connection  was  ef- 
fected with  the  primary^  triangulation  of  the  coast,  so  that, 
at  the  close  of  the  season,  the  geographical  positions  of  the 
stations  Londonderry  and  Rawlinsville  were  known. 

In  the  season  of  1879  four  stations  were  occupied  by 
Prof.  Haupt,  and  at  its  close  the  geographical  positions  of 
Beartown,  Womelsdorf,  and  Blackspot  stations  were  com- 
puted. 

During  the  season  of  1880  six  stations  were  occupied, 
and  two  newjstations  selected  and  observed  upon.  At  the 
close  of  this  season  Prof.  Haupt  resigned  his  charge  of  the 
work,  and  Prof.  Merriman  was  appointed  Acting  Assistant 
in  the  U.  S.  Coast  and  Geodetic  Survey  to  continue  the  tri- 
angulation. 

In  the  season  of  1881  the  triangulation  was  continued  by 
the  occupation  of  two  stations. 

In  the  season  of  1882  four  stations  were  occupied,  and 
three  new  stations  definitely  located  and  marked.  The 
measurements  made  this  season  closed  the  connection  of  a 
horse-shoe  chain  of  triangles  between  the  primary  line, 
Principio-Meeting-house,  near  the  northern  boundary  of 
Delaware,, and  the  line  Newtown~Mt.  Rose,  a  few  miles  north 
of  Trenton,  N.  J.  This  chain  is  shown  in  the  page  plate. 
The  two  lines  just  mentioned  area  part  of  the  primary  coast 
triangulation  whose  lengths  and  positions  had  been  previ- 
ously determined.  In  order  to  show  the  precision  of  geo- 
detic work,  the  following  results  deduced  by  the  Computing 
Division  of  the  Coast  and  Geodetic  Survey  are  here  stated  : 

Starting  from  the  fixed  line  Principio-Meeting-house,  the 
geographical  positions  were  computed  throughout  the  horse- 
shoe chain,  and,  on  arriving  at  the  line  Newtown-Mt.  Rose, 
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the  following  discrepancies  were  noted :  The  distance  from 
Newtown  to  Mt.  Rose  was  found  to  be  21,153.07  meters, 
while  the  same  from  the  coast  triangulation  was  21,153.10 
meters,  the  discrepancy  being  3  centimeters.  The  azimuth 
of  the  direction  Newtown  to  Mt.  Rose  was  found  to  be  232° 
10'  26.4'',  while  the  same  from  the  coast  triangulation  was 
232°  19'  10.5",  the  discrepancy  being  6.9" ;  the  latitude  of 
Newtown  was  found  to  be  40°  15'  03.308",  while  the  same 
for  the  coast  triangulation  was  40°  15'  03.411",  the  discrep- 
ancy being  0.103";  and  the  longitude  of  Newtown  was  found 
to  be  74°  55'  13.987",  while  the  same  for  the  coast  triangu- 
lation was  74°  55'  13.927",  the  discrepancy  being  0.060". 
The  agreement  is  hence  very  satisfactory,  it  being  consid- 
ered that  the  distance  between  the  two  fixed  lines  used  as 
bases  is  nearly  150  miles  when  measured  along  the  center 
of  the  horse-shoe  chain. 

In  the  season  of  1883  the  triangulation  was  continued  by 
the  occupation  of  the  stations  Gov.  Dick,  Round  Top,  and 
Winterstown,  the  two  latter  being  westward  of  the  Susque- 
hanna river.  Towers  varying  in  height  from  20  to  40  feet 
were  required  at  these  stations,'and  also  at  Dauphin,  Pul- 
pit Rock,  and  Swatara  Gap,  the  other  points  which  were 
observed  upon. 

During  the  season  of  1884  the  station  Swatara  Gap  was 
occupied  and  the  horizontal  angles  measured.  Three  new 
stations  were  selected  and  marked,  and  tripods  erected  over 
them.  A  reconnaissance  was  also  begun  to  connect  the  sta- 
tions on  the  Blue  mountain  near  the  seventy-sixth  merid- 
ian with  those  in  the  State  of  New  York.  The  peak  called 
Penobscot  Knob,  five  miles  south  of  Wilkes  ^arre,  was 
definitely  selected  as  the  place  for  one  of  the  stations,  and 
horizontal  sketches  were  taken  there  and  at  other  points  for 
the  purpose  of  laying  out  a  scheme  of  triangulation. 

For  the  season  of  1885  a  larger  sum  than  usual  was  ap- 
propriated for  the  Pennsylvania  work  in  order  to  extend 
the  triangulation  more  rapidly  to  meet  the  needs  of  the 
Second  Geological  Survey.  Acting  Assistant  Merriman  was 
instructed  to  continue  the  triangulation  northward  over  the 
anthracite  coal  regions.  Assistant  O.  H.  Tittmann  to  extend 
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the  reconnaissance  between  the  seventy-fifth  'and  seventy- 
seventh  meridians  northward  to  the  New  York  State  line, 
and  Acting  Assistant  Barnard  to  continue  the  work  west- 
ward of  the  Susquehanna  river. 

The  party  of  Prof.  Merriraan  occupied  in  succession  the 
stations  Knob,  Bear's  Head,  Pimple  Hill,  Smith's  Gap, 
Bake  Oven,  and  Port  Clinton.  Five  new  stations  were 
marked,  four  towers  erected,  and  30  primary  and  23  second- 
ary directions  observed.  This  work  has  enabled  the  geo- 
graphical positions  of  Knob,  Bear's  Head,  Pimple  Hill, 
Penobscot,  and  Panther,  to  be  computed,  as  also  the  posi- 
tions of  7  secondary  points.  The  field  work  of  this  party 
began  June  23  and  closed  September  16. 

The  party  of  Assistant  Tittmann  extended  the  reconnais- 
sance northward  across  the  northern  anthracite  coal  field  to 
the  NewYork  State  line.  Angles  were  measured  with  a  small 
theodolite  at  the  stations  Panther,  Penobscot,  Shickshinny, 
Bald,  Moosic,  Salem,  and  Elk,  with  sufficient  accuracy  to 
enable  geographical  positions  to  be  determined  approxi- 
mately, and  permit  the  collocation  of  local  maps  on  a  gen- 
eral one.  Nine  secondary  stations  were  determined  in  the 
northern  anthracite  coal  field.  The  field  work  of  this  party 
began  June  23  and  closed  October  24. 

The  party  of  Prof.  Barnard  was  engaged  in  reconnoiter- 
ing  and  the  erection  of  towers.  He  occupied,  for  the 
measure  of  horizontal  angles,  the  station  Dauphin,  un- 
favorable weather  preventing  the  occupation  of  other  sta- 
tions. 

The  accompanying  map  shows  the  present  condition  of 
the  geodetic  survey  of  the  State.  The  lines  which  are 
drawn  broken  denote  reconnaissance  only,  while  the  full 
lines  denote  that  the  angles  have  been  measured  and  the 
triangulation  proper  completed. 

The  primary  coast  triangulation  connecting  the  stations 

Principio,  Meeting-house,  Lippincott,  Yard,  etc.,  is  seen 

near  the  south-eastern  part  of  the  State,  and  resting  upon 

it    is    seen    the    horse-shoe    chain    previously  described. 
Westward    of    the   Susquehanna   the  reconnaissance   ex- 
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tends^to  the  foot  of  the  Alleghenies,  and  in  the  5onth> west- 
em  jmrt  of  the  State  a  scheme  of  reconnaissance  is  indicated, 
extending  from  tlie  Maryland  triangnlation  westward  over 
the  mountains.  In  the  north-western  comer  of  the  State  is 
shown  the  triangnlation  of  the  Lake  Survey.  North  of  the 
State  line,  near  longitudes  TC'  and  T?"*,  are  shown  triangles 
of  the  New  York  State  Survev,  five  of  whose  stations  fall 
south  of  the  boundary.  Connecting  these  stations  with  the 
triangnlation  near  latitude  41"^,  is  seen  the  reconnaissance 
executed  during  the  season  of  1885  by  Assistant  O.  H.  Titt- 
mann.  The  scale  of  the  map  is  1 :  1,000,000,  or  1  inch  to 
about  15f  miles. 

4-  GeograpJtical  Positions  and^  Results. 

The  latitude  and  longitude  of  a  station  determine  its  i)o- 
sition  on  the  earth^s  spheroid.  In  addition  to  these  it  is 
always  important  to  know  the  distance  and  direction  from 
the  station  to  each  of  the  neighboring  ones,  in  order  to  be 
able  to  extend  the  triangnlation  or  use  it  for  local  surveys. 
The  complete  statement  of  a  geographical  i)osition,  hence, 
includes  distance,  azimuth,  latitude  and  longitude. 

The  unit  of  distance  employed  by  the  Coast  and  Geodetic 
Survey  is  the  meter.  The  following  constants  are  adopted, 
from  the  latest  comparisons,  to  convert  meters  into  feet  and 
miles  when  necessary : 

Meters  X  3.280869  =  Feet. 
Meters  x  0.000621377  =  Miles. 

If  the  logarithm  of  the  distance  in  meters  be  known,  the 
conversion  may  be  made  as  follows : 

Log  meters  +  0.5169889  =  Log  feet. 

Log  meters  +  6.7933550  =  Log  miles. 
The  azimuth  of  a  line  is  an  angle  which  denotes  the  direc- 
tion which  that  line  makes  with  the  true  meridian.  This 
angle  is  always  measured  at  one  end  of  the  line  with  respect 
to  a  true  meridian  passing  through  that  end.  On  the  Coast 
and  Geodetic  Survev  azimuths  are  reckoned  from  the  south 
around  through  west,  north,  and  east,  from  0°  to  360®,  so 
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Jfh'ff.  S. 


STniihs  Gap 


•MoTUana 


that    true    south 

has    the  azimuth 

0°,  west  90°,  north  ^ 

180°  and  east  270°. 

Hence,    the    true   /' 

bearing  of  a  line  • 

is  at  once  known !  \ 

when*  its  azimuth , 

has    been    deter- ", 

mined,  azimuth  \ 

and  true  bearing  J 

being,  indeed,  but  • 

different     formal 

statements  of  the 

same  thing.     For  example,  at  the  station  Big  Rock,  the 

following  are  the  azimuths  and  true  bearings  to  the  five 

stations  shown  in  Fig.  5.     It  will  be  seen  from  the  figure 


At  Big  Rook. 

Azimuth. 

• 

True  bearing. 

ToTopton, 

To  Bake  Oven, 

640  54'  86.81" 
129     13   86.S2 
182     83    18.74 
235     05   46.52 
294     32   22.86 

8.  640  64'  36.81"  W. 
N.  50    46   24.18    W. 

To  Smith's  Gap,     .   .       

To  Montana, 

N.  2  88  18.74  E. 
N.  55    06   46.52     E. 

To  Hajoock, 

S.  66    27    37.14     E. 

that  the  azimuths  likewise  give  all  the  angles  between  the 
Stations  at  the  point  Big  Rock.  For  instance,  the  angle 
Bake  Oven-Big  Rock-Topton  is  64°  IS'  59.01'',  the  diifer- 
ence  of  the  azimuths  Big  Rock-Bake  Oven  and  Big  Rock- 
Topton. 

On  account  of] the  spheroidal  shape  of  the  earth  the  me- 
ridians are  not  parallel  but  converge  toward  the  poles.  If 
the  surface  of  the  earth  were  plane  the  azimuth  of  the  di- 
rection Bake  Oven  to  Big  Rock' (in  Fig.  6)  would  be  exactly 
180°  greater  than  that  of  the  direction  [Big  Rock  to  Bake 
Oven,  but  actually  we  have  the  azimuths : 

Big  Rock  to  Bake  Oven,  129°  13'  36.82." 
Bake  Oven  to  Big  Rock,  309°  02'  01.43." 
In  this  particularj[case,  then/the  convergence  of  the  me- 
ridians has  caused  the  true  bearing  of  the  line  taken  at  Big 
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Rock  to  be  11'  34.39"  greater  than  the  true  bearing  of  the 
same  line  taken  at  Bake  Oven. 

Owing  to  the  spheroidal  shape  of  the  earth  the  lengths  of 
the  degrees  of  latitude  and  longitude  are  different  for  dif- 
ferent latitudes.  As  it  is  constantly  necessary  to  trans- 
form differences  of  latitude  and  longitude  into  the  corres- 
ponding linear  distances  on  the  earth's  surface,  extended 
tables  for.  this  purpose  are  given  in  the  Report  of  the  Coast 
and  Geodetic  Survey  for  1884,  pp.  135-321.  .  The  following 
values  extracted  from  these  tables  show  the  variation  in 
length  of  arcs  of  the  meridian  for  latitudes  from  39°  to  43°: 


Latitude. 

Lengths  of  Arcs  qf  the  Meridian  in  Meters. 

• 

One  degree. 

One  minute. 

One  seoond. 

89 
40 
41 
42 
43 

111013.  S 
111032, 7 
111052.2 
11107L7 
11109L4 

1850.22 
1850. 54 
1850.87 
1851.20 
1851.52 

80.837 
30.842 
80.848 
30.853 
80.859 

These  quantities  give  the  number  of  meters  contained 
within  an  arc  of  the  meridian  of  which  the  degree  of 
latitude  is  the  middle ;  thus,  111032.7  is  the  number  of 
meters  between  latitude  39°  30'  and  latitude  40°  30/ 

The  following  values,  taken  from  the  same  tables,  show 
the  variation  in  length  of  arcs  of  the  parallel  for  latitudes 
from  39°  30'  to  42°  30/ 


Lenqths  of  Arcs  of  the  Parallel  in  Meters. 

Latitude. 

One  degree. 

One  minute. 

One  seoond. 

390  30' 

S6  016 

1433.6 

23.89 

40    00 

85  396 

1423. 3 

23.72 

40     30 

84  770 

1412.8 

23.55 

41     00 

84  137 

1402. 8 

23.37 

41     30 

83  498 

1391.6 

23.19 

42     00 

82  853 

1380.9 

23.01 

42     30 

82  201 

1370.0 

22.83 

In  the  following  geographical  positions  the  values  of  the 
latitudes  and  longitudes  which  have  been  finally  determined 
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are  given  to  thousandths  of  a  second  of  arc,  while  those 
which  are  liable  to  further  revision  are  stated  to  seconds 
only.  From  the  above  tables  it  is  seen  that  a  thousandth 
of  a  second  of  latitude  is  about  0.03  meters  or  0.1  feet. 

The  following  are  the  geographical  positions  for  the 
stations  of  the  horse-shoe  chain  (see  plate  and  map)  which 
are  situated  in  Pennsylvania.  These  positions  have  been 
previously  published  in  the  Reports  of  the  Secretary  of 
Internal  Affairs  for  Pennsylvania  for  1883  and  1884.  In 
each  case  a  brief  statement  of  the  location  of  the  stations 
is  given.  The  stations  are  marked  by  stone  monuments,  or 
by  bolts  in  the  rock,  and  are  always  well  known  by  the 
people  of  the  vicinity. 

Rawlinsville  Station.  — This  is  situated  near  the  village 
of  Rawlinsville,  in  the  eastern  part  of  Martic  township, 
Lancaster  county. 

Latitude,  39°  53'  09.639/'     Longitude,  76°  15' 58.372.'' 

To  Gov.  Diok,     azlmutb,  158^^  02'  34.80,"  distanoe,  48157.9  meters. 
To  Woraelsdorf,        "         187    00   42.54  ««         49061.4        •• 

To  Beartown,  **        224    49   08.81,         **         30584.1        ** 

To  Londonderry, .      «•       274     06    10.48,         "        33073.2        «« 
ToPrinoipio,    .   .       •«        325     16   54.06,         "        89464.1        " 

Londonderry  Station. — This  is  situated  in  the  township 
of  the  same  name,  in  Chester  county: 

Latitude,  39°  51'  50.507".     Longitude,  75°  52'  50.442". 

ToPrinoipio,       azimutli,    19^  80'  61.92",  distance,  31855.9  naeters. 
To  Rawlinsville,       ••  94     21   00.25,  •«         83073.2        " 

ToBeartown,    .        "         154     50   11.19,  '«         26637.8        " 

To  Meetlng-hoase,    "        319    04   45.57,         **         22194.9        '* 

Beartown  Station. — This  is  situated  in,  Salisbury  town- 
ship, -Lancaster  county,  about  two  miles  east  of  Greenbank 
post-office : 

Latitude,  40°  04'  51.947".     Longitude,  76°  00'  48.491". 

To  Kawlinsviile,aziiiiuth,   440  58'  53.47",  distanoe,  30584.1  metera 

To  Gov.  Dick,    .         «•         116     05  56.04,  "         41916.6        " 

To  Womelsdorf,        "         150     11  39,68,  "         31167.0        " 

ToBlackspot,   .         "         197     38  12.88,  •*         31050.6        •• 

To  Londonderry,      "         834     45  04.08,  "         28637.8        *< 

Governor  Dick  Station. — Situated  in  the  southern  part  of 
Cornwall  township,  Lebanon  county  : 
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Latitude,  40°  14'  46.773''.     Longitude,  76°  27'  21.114". 

To  White  Hone,  asdmath,  2U40  49'  2S.64",  diatanoe,  82925.8  meters. 
To  Womelsdorf,       '<        248    29   12.30,         «'         23763.1        <* 
ToBeartown,    .        «>         295     48   48.83,  •'         41916.6        •« 

To  RawlimBvUle,       «         337     55    15.34,  "         43157.9        *< 

Womelsdorf  Station. — Situated  in  Heidelberg  township, 
Lebanon  county,  about  three  miles  south  of  the  village  of 
Newmanstown : 

Latitude^  40°  19'  28.250".     Longitude,  76°  11'  44.689."  .J 

To  Rawlinsville,  asdmath,     70  03'  25.96",  diatanoe,  49061.4  meters. 
To  Gov.  Diok,   .         "  68     39   17.79,  *•         23763.1 

To  White  Horse,       "        158    47   42.56,         •<         22732.1 
To  Port  Clinton,       "         209    06   23.76,  *«         36577.7 

ToBlaokspot,   .        •*         264     02   30.27,  *<         *.fi5029.5 

ToBeartown,    .        *•         330    04   36.10,  '<         31167.0 

Blackspot  Station. — Situated  in  Alsace  township,  Berks 
county,  on  Penn  mountain,  about  two  miles  east  of  the  city 
of  Reading :  •  _ 

Latitude,  40°  20'  51. 148".     Longitude,'  75°  54'  09r864"T  '^ ' 

To  Beartown,      azimuth,   170  42*  30.26",  distance,  3105a6  meters. 

To  Womelsdorf,        "  84     13  53.08,  **         26029.5        *• 

TV)  White  Horse,       •»         119    30  14.04,  "         87979.9        " 

lb  Port  Clinton,       «•         165    18  11.61,  •*         29465.5        •< 

ToTopton,     .   .         *<         232     18  30.51,  "         23664.1        •' 

White  Horse  Station. — Situated  near  the  boundary  line 
between  Berks  and  Schuylkill  counties,  about  five  miles 
south  of  the][post-oflSice  Rock  : 

Latitude,  40°  30',55.192".     Longitude,  76°  17'  33.950". 

To  Gov.  Diok,     azimuth,   240  55'  46.04",  distanoe,  32925.3  meters. 
To  Port  Clinton,       "         248    47   23.41,  "         27391.1        «» 

To  Blackspot,    .        «*         299     15   03.44,  «         87979.9        «• 

To  Womelsdorf,        *<^       338    43   56.10,  «<         22732.1        •*  • 

Port  Clinton  Station. — Situated  in  Brunswick  township, 
Schuylkill  county,  aboutifive  miles  north-east  of  the  village 
of  Port  Clinton : 

Latitude,  40°  36'  15.049".     Longitude,  75°  59'  27.823' 


iff 


To  Womelsdorf,  azimuth,   290  16'  21.97",  distanoe,  35577.7  meter& 
To  White  Horse,       *♦  68    59   09.65,         "         27391.1        •• 

To  Bake  Oven,  .        "         233     32   35.87,  «*         2699&1        •* 

ToTopton,     .  .        "         298     17   28.86,  "         29681.7        « 

To  Blackspot,    .        •*        345     14   46.21,         •«         29465.6 


« 
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Top  ton  Station. — Situated  in  Longs  wamp  township, 
Berks  county,  about  fourj  miles  [south  of  the  village  of 
Topton : 

Latitude,  40°  28'  37.491''.     Longitude,  76°  40'  58.251." 

To  Blaokspot,     aadmuth,   52^  27'  03.70",  distance,  23564.1  meters. 


To  Port  Clinton, 

118 

29 

30.07, 

29681.7 

To  Bake  Oven,  . 

171 

50 

48.86, 

80433.3 

To  8mltii*8  Gap, 

209 

44 

07.87, 

44289.1 

To  Big  Rook,     . 

244 

45 

03.86, 

22935.8 

To  Haycook,  .  . 

287 

59 

04.69, 

39805.5 

Bake  Oven  Station. — Situated  near  the  boundary  line  be- 
tween Carbon  and  Lehigh  counties,  about  five  miles  north- 
west of  the  village  of  Germansville : 

Latitude,  40°  44'  54.109".     Longitude,  75°  44'  02.222". 

To  Port  Ciinton,azimath,   58^  42'  39.16'^  distance,  26998.1  metera 
To  Smith's  Gap,        "        252     26   55.42,  "         27535.3        *' 

To  Big  Rock,     .         "         309     02   01.43,  "         32277.6        •* 

To  Topton,     .   .         "         361    48   49.11,  ««         30433.3        " 

Big  Rock  Station.— Situated  in  Salisbury  township,  Le- 
high county,  about  three  miles  south  of  the  city  of  Allen- 
town  : 

Latitude,  40°  33'  53.732".     Longitude,  75°  26'  16.422". 

To  Topton,     .  .  azimuth,   640  54'  36.81",  distanoe,  25935.8  meters. 
To  Bake  Oven,  .         **         129     18   35.82,  «         32277.6        « 

To  Smith's  Gap,        *<         182    33    18.74,  "         28655.5        " 

To  Montana,     .         <*         235    05   46.52,  *<         38884.7        '* 

a\>  Hayoock,  .   .        <<         294     32   22.86,  *«         20851.4        <* 

Smith's  Gap  Station. — Situated  near  the  boundary  line 
between  Monroe  and  Northampton  counties,  about  four 
miles  west  of  the  village  of  Point  Phillips : 

Latitude,  40°  49'  21.787".     Longitude,  75°  25'  21.906". 

To  Big  Rook, ' .  azimuth,     20  38'  54.28",  distanoe,  28655.5  meters. 
To  Topton,     .   .         *♦  29     54    17.84,  ••         44239.1        " 

1\>  Bake  Oven,  .        "  72    39   07.24,         **         27535.3        " 

To  Montana,.   .        "         281     46   37.48,  **         31269.5        ** 

ToHayoook,  .  .        *<         335     04   45.50,  «         40889.5        " 

Haycock  Station. — Situated  in  Hay  cock  township,  Bucks 
county  : 
Latitude,  40°  29'  18.963".     Longitude,  75°  13'  10.341". 


To  Big  Rook,  . 

114 

40 

^.66, 

20351.4 

To  Smith's  Gap, 

155 

12 

42.13, 

40880.5 

To  Montaua,    . 

203 

41 

04.99, 

88489.8 

ToPiokle,    .  . 

250 

29 

52.80, 

35527.7 

To  Goat  Hill,  . 

303 

28 

44.11, 

• 

28673.6 
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To  Topton,  .   .  assiniuth,   880  17'  07.53",  difftanoe,  39305.5  meteni. 

(( 

<( 

(I 
« 

The  following  geographical  positions  for  four  stations  of 
the  primary  coast  triangulation  were  determined  about  the 
year  1842. 

Bethel  Station. — Situated  in  Bethel  township,  Chester 
county : 

Latitude,  39°  50'  4H.232".     Longitude,  76°  29'  25.339". 

To  Yard,  .  .  .  azimnth,  211o  55'  50.45'',  diatanoe,  16670.5  metera 
To  Pine  Hm,  .         "         276     57   08.66,  "  42882.7        " 

ToLippinoott,         "         312     12   40.11,  «  20435.9        <> 

To  Burden,  .  .        "         845    02   06.81,  *•  36300.7        •♦ 

Yard  Station. — Situated  in  Chester  county. 
Latitude,  39°  58'  24.796".     Longitude,  75°  23'  13.793". 

To  Bethel,    .  .  azimuth,   31^  59'  4&83  ",  distanoe,  16670.5  metera 
To  Mt.  Holly,  .         "         266     12  22.78,  "  51215.8        " 

ToPineHiU,  .        "         299    52   41.80,  "  88898.4        '* 

ToLippinoott,  «*        847     17    3a94,  "  28585.5        •' 

Willowgrove  Station. — Situated  near  the  west  corner  of 
Moreland  township,  in  Montgomery  county. 

Latitude,  40°  08'  31.935".     Longitude,  76°  06'  22.283". 

To  Newtown,  .  azimuth,  232o  84'  04.10",  distanoe,  19892  3  meters. 
ToMt.  Holly,  .         •«         299     41    41.15,  "  31209  0        " 

To  Pine  Hill,   .         *«         345     47    35.64,  «*  39375.9        •• 

Newtown  Station. — Situated  in  Newtown  township,Bucks 
county. 

Latitude,  40°  15'  03.411".     Longitude,  74°  55'  13.927". 

To  Willowgrove,  azimuth,    520  41'  15.47'',  distanoe,  19892.3  meters. 
ToGkmtHill,   .   .         "         171     57   31.31,  "         1063a4        " 

ToMt.  Rose,    .   .         **         282     10   19.50,  •»         21153.1        •• 

To  Stony  HiU,    .         "         296     34    57.01,  "         32233.9        " 

To  Mt  Holly,  .   .         ••         337     47    34.42,  »*         29784.1        *♦ 

The  following  are  approximate  latitudes  and  longitudes 
of  primary  stations  to  the  westward  and  northward  of  the 
horse-shoe  chain.  These  will  be  determined  with  greater 
precision  when  the  final  adjustments  are  made,  or  when  ad- 
ditional field  work  is  done.  Hence  the  values  are  stated 
only  to  the  nearest  second. 
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Latitude.  Longitude. 

WJnterstown,  (Yorkoounty,) 89°  49'  82"  760  86'  09" 

Pulpit  Rook,  (York  oounty,)    .  \   .  .  .  89    61   27  76     66    68 

Round  Top,  (Yorkoounty,)     40    06    18  76     66    81 

Dauphin.  (Dauphin  ooanty.) 40    21   69  76    64   88 

Swatara  Gap,  (Lebanon  county,)    .  .  .  40    28   16  76     82   24 

Bear's  Head,  (Schuylkill  oounty,)  ...  40    61   01  76    04   48 

Knob,  (Carbon  county,)      40    63  44  76    49  46 

Pimple  Hill,  (Monroe  oounty,)    .  .   .  .  41     01   86  76    80   18 

Penobscot,  (Luzerne  county,)      .  .   .  .  41     10   67  76    62   22 

Panther,  ( Luzerne  oounty, ) 41     14   09  76    88   11 

Ricketts,  (Sullivan  county,) 41     18   81  76    18  85 

Bald,  (Lackawanna  county,) 41    26   41  76    46  06 

Moosio  (Lackawanna  county,)     ....  41    27   21  76    29   44 

Elk,  (Susquehanna  county,) 41    42  64  76    88   89 

The  following  are  the  approximate  latitudes  and  longi- 
tudes of  a  number  of  secondary  stations  and  points.  Be- 
sides the  three  stations  in  Philadelphia  for  which  accurate 
positions  are  given,  there  are  many  more  in  that  city  and 
in  the  vicinity  and  along  the  Delaware  river.  These  can  be 
had  on  application  to  the  Survey  oflBce. 

Latitude.  Itongitude. 

Philadelphia,  State  House, 89o  66' 66.64''  760  09' 01.41" 

Philadelphia,  Girard  College,    ....  89    68  26  600  76    10  18.644 

Philadelphia.  St  Peter's  Church,    .   .  89    66  86.84  76    OS  68.88 

Lancaster,  prison  tower, 40    02  24.68  76    17  83.62 

Bethlehem,  Reformed  Church,    ...  40    87  17  76    22  83 

Lone  Tree,  (Carbon  county,)      .  .   .  40    48  11  76    62  44 

Summit  Hill,  school-house  tower,  ..  40    49  86  76    62  27 

SummitHill,  Presbyterian  Church,  .40    49  83  76    62  24 

Summit  Hill,  Catholic  Church,    ...  40    49  28  76    62  62 

Mt.  Jefferson,  South  Chimney,    ...  40    49  82  76    61  28 

Woodside,  Catholic  Church,         ..     40    00  37  76    64  27 

Shickshinny,  (Luaseme  county,)  41    09  69  76    09  09 

Nanticoke,  German  Lutheran  Churoh,4l    12  16  76    00  02 

Wilkes  Barre,  St.  Mary's  Church.     .  41    14  82  76    68  04 

Bellevue,  Welsh  Methodist  Church,  .  41    21  04  76    41  14 

Hyde  Park,  St.  Patrick's  Church,      .41    24  61  76    41  03 
Petersburg,    German    Lutheran 

Church, 41    24  38  76    88  80 

Providence,  St.  Mary's  Church,  .   ..  41    26  27  76    89  80 

Olyphant,  Baptist  Church,    .       ...  41    28  28  76    86  24 
No.  10.  Chimney  of  engine  house  on 

Pa.  Coal  Co.'s  Gravity  Road,    ...  41    24  89  76    84  21 

Scran  ton  Court  House,  dock  tower,  .  41    24  29  76    89  47 

Salem,  (Wayne county,) 41    88  01  76    27  26 

In  order  to  make  the  list  of  geographical  positions  thus 
far  geodetically  determined  in  Pennsylvania  more  com- 
45 
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plete,  the  following  are  given,  the  first  and  second  of  which 
are  taken  from  the  Report  of  the  Priraarj^  Triangula tion  of 
the  Lake  Survey,  p.  782,  and  the  others  from  the  Reports 
of  the  New  York  State  Survey  for  18a3  and  1884  : 

Latitude.  Longitude, 
Edinboro',  (Washington  town- 
ship, Erie  county,)    .       .   .   .  4lo  62'  28.41  "  80°  10   46.85" 
Erie,    (Mill    Creek    township, 

Erie  county,)  42    08   41.44  80    U    11.64 

Bly,  (Tioga  county,) 41    64   85  77    00   41 

Harrison,  (Potter  county,)     ..  41    54   68  77    41   52 

Athens,  (Bradford  county,)  .   .  41    57   81  76    37    00 

Litchfield,  (Bradford  county,)  .  41    59   22  76    25  49 

Warren,  (Bradford county,)  .  .41    59   22  76    10   44 

In  1884  the  Philadelphia  water  department  located  the 
positions  of  several  points  in  Bucks  and  Montgomery  coun- 
ties, starting  from  the  line  Haycock-Goat  Hill  as  a  base, 
and  a  statement  of  the  computed  positions  is  given  in  their 
Report  for  that  year,  page  322. 

The  Coast  and  Geodetic  Survey  has  determined  astronom- 
ically  the  latitude  and  longitude  of  the  Capitol  at  Harris- 
burg,  of  the  south-west  corner  of  Pennsylvania,  and  of  sev- 
eral other  points  upon  the  boundary  lines  of  the  State. 
The  latitude  and  longitude  of  Pottsville  and  Wilkes  Barre 
have  been  determined  for  the  Second  Geological  Survev  of 
Pennsylvania  by  Prof.  C.  L.  Doolittle.  The  following  are 
the  values  obtained  : 

Latitude.  Longitude. 

Harrisburg,  dome  of  Capitol,  .   .  40O  16'  51.1"  76©  52'  54  8" 

South-west  corner  of  Pa.,   .  .  .  .  89    48   18.19  8U    31   08.20 
Boundary     Monument,     near 

Smith's  Ferry, 40    88   27.25  80    81    07.50 

Wilkes  Barre,  Court  House,  ...  41    14   40.48  .         75    52   57.7 

Pottsville,  Court  House 40    41   09.13  76    11   50.7 

The  following  positions  of  the  astronomical  observatories 
at  Allegheny  and  Bethlehem  are  taken  from  the  American 
Ephemeris  and  Nautical  Almanac  for  1886 : 

Latitude.  Longitude. 
Philadelphia  Old  High  Schopl  Ob- 
servatory,         890  57'  06.0"  750  09'  45.2  " 

Allegheny  Observatory, 40    27   41.6  80    00   43.95 

Bethlehem  Observatory, 40    86   23.9  75    22   58.5 

In  conclusion  it  may  be  mentioned  that  the  above  longi- 
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tudes  are  referred  to  the  meridian  of  Greenwich  by  using 
the  value  77°  03'  01.35"  as  the  longitude  of  the  Naval  Ob- 
servatory at  Washington,  D.  C.  A  recent  discussion  by 
Assistant  C.  A.  Schott  in  the  Report  of  the  Coast  and  Geo- 
detic Survey  for  1884,  paores  407-430,  deduces  for  this  value 
the  more  precise  quantity  77°  03'  00.57",  with  the  probable 
error  ±0.63." 
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Geological  Survey  of  Pennsylvania. 

FROM  1874  TO  1886. 


Reports  can  be  purohaaed  by  addreaaing  the  Gteologloal  Survey  of  Pennayi- 
vania,  907  Walnut  atreet,  Philadelphia.    (See  page  717.) 

ANNUAL  BEFOBTS. 

Annual  Report  of  the  Geological  Surrey  of  Pennaylvanla,  1885,  J.  P.  Lbs- 
LKY,  State  Gheologiat.  8^,  719  pp.  with  preface  and  index,  accompanied  by 
Atlas  SO,  8  pL  and  maps.    1886. 

MISCEI1I.ANEOUS  BEFOBTS. 

A.  A  history  of  the  Fibst  Obolooical  Subvby  of  Pennsylvania,  from 
1886  to  1858,  by  J.  P.  Iiesiey.  With  the  annual  reports  of  the  Board  to  the 
Legialature  for  1874  and  1875.    8^,  pp.  226,  1876. 

B.  Report  on  the  Minbbals  of  Pennsylvania,  by  F.  A.  Genth;  and  on  the 
hydro-car  fc>on  compounds,  by  S.  P.  Sad  tier.  With  a  reference  map  of  the 
State.    80,  pp.  206, 1875. 

B  8.  Report  on  the  Minbbals,  by  F.  A.  Gtonth,  continued  from  page  207 
to  page  288.    80,  in  paper  coveti  pp.  31, 1876.     (Bound  with  B.) 

M.  Report  of  Chemioal  analyses  in  1874-6,  in  the  Laboratory  at  Harris- 
burg,  by  A.  S.  McCreath.    8^,  pp.  105,  1875. 

M  8.  Report  of  Chemical  analyses  in  1876-8,  by  A.  S.  McCreath;  Classi- 
fication of  coals,  by  P.  Frazer;  Fire-brick  tests,  by  F.  Piatt;  Dolomitic  lime- 
stone beds,  by  J.  P.  Lesley;  Utilization  of  anthracite  slack,  by  F.  Piatt;  De- 
termination of  Carbon  in  iron  or  steel,  by  A.  S.  McCreath.  With  one  folded 
plate  (aeotion  at  Harrisburg)  and  four  page  plates.    8^,  pp.  488, 1879. 

M  3.  Report  of  Chemical  analyses  in  1879-80,  by  A.  S.  McCreath.  With 
a  reference  map  of  98  iron  ore  mines  in  the  Cumberland  valley.  8^,  pp.  126, 
1881. 

N.  Report  on  the  Levels  above  tide  of  railroad,  canal,  and  turnpike  sta- 
tions, mountain  tops,  dc,  in  and  around  Pennsylvania,  in  200  tables,  by  C. 
Allen.     With  a  map.    80,  pp.  279,  187& 

O.  Catalooub  of  specimens  collected  by  the  survey,  (No.  1  to  No.  4,264,) 
by  C.  E.  Hall.    8©,  pp.  217,  1878. 

O  8.  Catalogue  (continued  from  No.  4,265  to  No.  8,974);  also  catalogue  of 
fottdls,  (pp.  281  to  289.)    80,  pp.  272,  1880. 
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P*  Report  on  the  Coal  Flora,  of  Penofljlvmnui  and  the  United  States, 
Vols.  1  and  2,  (bound  together,)  by  L.  Lesquerenx.    80,  pp.  OM,  1880L 

P.  Report  on  the  Coal  Floba  of  Pennsylvania  and  the  United  States^ 
VoL  3,  with  24  doable  page  plates  (lithographed)  of  ooal  plants,  to  aooompany 
P.,  Vols.  1  and  2.    80,  pp.  283, 1884. 

(P«>  Atlas  of  87  double  page  plates  (lithographed)  of  ooal  plants,  to  ao- 
oompany P..  Vols.  1  and  2.    80,  1879. 

P  2.  Report  on  Permo-Carboniferous  plants  from  W.  Va.  and  Greene 
ooanty,  Pennsylvania,  by  W.  M.  Fontaine  and  L  C.  White.  With  88  double 
page  plates  (lithographed.)    8^,  pp.  143,  1880. 

P  3«  Description  of  Ceratioearid<e,  by  C.  E.  Beecher ;  and  of  Eurypterida, 
by  James  Hall.    With  8  platea    80,  pp.  39, 1884. 

Z.  Report  on  the  Tsbminal  mobaine  aoro«  Pennsylvania,  by  H.  C.  Lewis; 
including  extracts  from  descriptions  of  the  Moraine  in  New  Jersey,  by  G.  U. 
Cook,  and  in  Ohio,  Kentucky,  and  Indiana,  by  G.  F.  Wright.  With  a  map 
of  the  State,  18  photographic  views  of  the  Moraine,  and  82  page  plate  maps 
and  sections.    8o,  pp.  ivi  and  290, 1884. 

Grand  Atlas,  Div.  I,  PL  I,  18S5,  port-folio  containing  maps  of  56  counties 
and  parts  of  counties  (scale  2  miles  to  1  inch)  on  49  sheets  (26"X32".)  The 
mapsot  the  remaining  counties  will  be  published  in  Part  II.  These  maps 
are  duplicate  prints  on  heavy  paper  of  the  county  maps  contai  red  in  the  re- 
ports of  progress. 

ANTHRACITE  BEGION. 

A  8.  Report  on  the  causes,  kinds,  and  amount  of  waste  in  mining  anthra- 
cite, by  F.  Platt;  with  a  chapter  on  methods  of  mining,  by  J.  P.  Wetherill. 
Illustrated  by  85  figures  of  mining  operations,  a  plan  of  the  Hammond 
breaker,  and  a  specimen  sheet  of  the  maps  of  the  Anthracite  coal  fields.  8^, 
pp.  134,  1881. 

AC.  Report  on  Mining  Methods,  do.,  in  the  anthracite  coal  fields,  by  H. 
M.  Chance.  lUuscrated  with  54  plates  and  60  illustrations  in  the  text.  80, 
pp.  574,  1883. 

(AC.)  Atlas  containing  25  plates  illustrating  coal  minmg,  to  accompany 
Report  AC,  by  H.  M.  Chance.    8o,  1883. 

AA.  First  report  of  progresi  of  the  anthracite  survey ;  Panther  Creek 
BASIN,  by  C.  A.  Ashbumer ;  with  a  determination  of  the  latitude  and  longi- 
tude of  Wilkes  Barre  and  Pottsville,  by  C.  L.  Doolittle ;  and  a  theory  of  stadia 
measurements,  by  A.  Winslow.    80,  pp.  407,  1883. 

AA.  Sec3nd  report  of  progress  of  the  anthracite  survey.  Part  I ;  Statistics 
of  Production  and  Shipment  for  18^  and  183  i.  Charles  A.  Ash  burner,  geolo- 
gist in  charge. 

(AA.)  Atlas  of  Southern  anthracite  field,  Part  I,  containing  13 sheets: 
3  geological  and  mine  slieets,  3  cross  section  sheets,  3  columnar  section  sheets, 
1  topographical  map  sheet,  and  1  coal  bed  area  sheet,  relatlogto  the  Panther 
Creek  ba.sin  ;  1  general  map  of  the  anthracite  region,  and  1  chart  of  authrar 
cite  production  from  1820  to  1881.  80,  1882.  Chas.  A.  Ashbumer,  geologist 
in  charge ;  A.  W.  Sheafer  and  Frank  A.  Hill,  assistant  geologists. 


Notes.— Single  sheets  of  the  anthracite  survey,  with  the  exception  of  those 
in  the  Panther  Creek  atlas,  can  be  purchased  by  addressing  Chas.  A.  Ash- 
burner,  geologist  in  charge,  907  Walnut  street,  Philadelphia. 
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(AA«)  Att.as  of  Western  Middle  anthracite  field,  Part  I,  oonlaining  II 
sheets :  4  geological  and  mine  sheets  between  Delano  and  Locust  Dale,  3  to- 
pographicttd  sheets  between  Qoakake  Junction  and  Mount  Carmel,  and  4  cross 
section  sheeta  80, 1884.  Charles  A.  Ashburner,  geologist  in  charge;  A.  W. 
Sheafer  and  Bard  Wells,  assistant  geologists. 

(AA  )  Atlas  of  Northern  anthracite  field,  Part  I,  containing  6  geologi- 
cal and  mine  sheets  between  Wilkes  Barreand  Nanticoke,  Serosa  section  sheets, 
and  4  columnar  section  sheets.  80, 1885.  Charles  A.  Ashburner,  geologist  in 
charge;  Frank  A.  Hill,  assistant  g^logist. 

(AA.)  Atlas  Eastern  Middle  anthracite  field,  Part  I,  containing  8 
sheets— 2  geological  and  mine  sheets  in  the  vicinity  of  Hazleton,  Drifton,  and 
surrounding  towns,  3  cross  section  sheets,  and  8  columnar  section  sheets.  8°, 
1885.  Charles  A.  Ashburner,  geologist  in  charge ;  A.  P.  Berlin  and  Arthur 
Winslow,  assistant  geologists. 

Grand  Atlas,  Div.  JI,  Pt.  I,  1884.    Port-folio  containing  26  sheets,  (26"  .> 
32",)  as  follows:  IS  sheets  Atlas  Southern  Anthracite  Field,  Part  I,  11  sheets. 
Atlas  Western  Middle  Anthracite  Field,  Part  1, 1  sheet  photo  views  of  plaster 
models  in  Western,  Middle,  and  Southern  Fields,  and  1  specimen  sheet,  Re- 
port A  2. 

Grand  Atlas,  Div.  II,  Pt.  II,  1885.  Port-folio  containing  22  sheete,  (26"  x 
82",)  as  follows:  13  sheets  Atlas  Norchem  Anthracite  Field,  Part  I,  8  sheets 
Atlas  Eastern  Middle  Anthracite  Field,  Part  I,  and  1  sheet  containing  a  pre- 
liminary general  map  of  the  Anthracite  Coal  Fields  and  adjoining  counties. 

For  anthracite  coal  in  Sullivan  county,  see  G  2,  and  Annual  Report, 
1885. 

For  Conglomerate  beds  near  Carbondaie,  Pittston,  <fec.,  see  G  5,  G  7. 

For  Utilization  of  anthracite  slack,  see  M  2. 

For  General  Description  anthracite  region,  Qaaternary  Geology  of  the 
Wyoming-Lackawanna  Valley,  &c.,  &c.,  see  Annual  Report,  1885. 


BITUMINOUS  COAL  FIELDS  AND  SUBROUNDING  ABEAS. 

H.  First  report  on  Clbarpield  and  Jbffrrson  counties,  by  F.  Piatt. 
With  8  maps,  2  sections,  and  189  cuts  in  the  text.  8^,  pp.  296, 875.  {F'or  second 
report  see  H  6,  H  7.) 

H  3.  Report  on  Cambria  county,  by  F.  A  W.  G.  Piatt.  With  4  maps  and 
sections  and  84  cuts  in  the  text.    80,  pp.  194, 1877. 

H  3.  Report  on  Somerset  county,  by  F.  &  W.  G.  Piatt.  With  6  maps  and 
sections  and  110  cuts  in  the  text    8^,  pp.  848,  1877. 

H  4.  Report  on  Indiana  county,  by  W.  G.  Piatt.  With  a  colored  geologi- 
cal county  map  and  87  cuts  in  the  text.    8^,  pp.  316, 1878. 

H  5.  Report  on  Armstrong  county,  by  W.  G.  Piatt.  With  a  colored  geo- 
logical county  map  and  58  cats  in  the  text.    80,  pp.  338, 1880. 

H  6«  Second  report  on  Jefferson  county,  {See  H  above^)  by  W.  G.  Piatt. 
With  a  colored  geological  county  map  and  57  cuts  in  the  text.  8^,  pp.  218, 
1881. 

H  T«  Second  report  on  Clearfield  county,  {See  H  above,)  by  H.  M. 
Chance.  With  a  colored  geological  county  map,  an  outcrop  map  of  the  Uoutz- 
dale  basin,  and  58  cuts  in  the  text.    80,  pp.  197, 1884. 
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I*  Report  on  Venanoo  oounty,  by  J.  F.  CarU.  The  geology  around  War 
ren,  by  F.  A.  Randall.  Notes  on  the  oomparative  geology  of  N.  E.  Ohio,  N. 
W.  Pa.,  and  W.  New  York,  by  J.  P.  Lesley.  With  one  small  map  of  the  Ve- 
nango oil  region,  one  small  map  of  the  region  south  and  east  of  Lake  Erie, 
one  long  section  of  the  rocks  at  Warren,  and  7  cuts  in  the  text  8^,  pp.  127, 
1875. 

I  2.  Report  of  oil  well  records  and  levels  in  Vbnanoo,  Warrbn,  Gr4W- 
FOBD,  Clarion,  Armstrong,  Butl.br,  Ac,  by  J.  F.  Carll.  8^,  pp.  398, 
1877. 

I  3.  Report  on  the  Venanoo,  Warrbn,  Clarion,  and  Buti.br  oil  bb. 
oioNs;  descriptions  of  rig,  tools,  Ac. ;  survey  of  the  Garland  and  Panamaoon- 
glomerates,  &c. ;  discussion  of  pre-glacial  and  post-glaoi&l  drainage,  by  J.  F. 
Carll.    With  28  page  plates  and  an  atlas.    8o,  pp.  482, 1880. 

(I  3.)  Atlas  of  22  sheets.  Map  of  Venango  county,  colored  geologically; 
map  of  lower  oil  field  (Butler,  Armstrong,  and  Clarion,)  in  two  sheets;  3  local 
contour  maps  at  Franklin,  Titusville,  and  Spring  Creek ;  two  maps  of  N.  W. 
Pennsylvania,  showing  the  past  and  present  drainage ;  long  section  across  W. 
Pennsylvania ;  veriicil  section  of  the  formations  from  the  Upper  Coal  Meas- 
ures down  to  the  bottom  of  the  Devonian  ;  diagram  map  and  section  of  Third 
sand ;  profile  section  from  Meadville,  S.  W. :  5  sheets  of  grouped  oil  well  sec- 
tions ;  5  sheets  of  working  drawings  for  well  boring,  Ac ;  diagram  of  daily 
rate  of  drilling  six  wells  at  Petrolia. 

I  4.  Report  on  Warrbn  county,  by  J.  F.  Carll.  With  a  colored  geological 
county  map,  a  map  of  the  Warren  oil  region,  and  2  sheets  of  oil  well  sections. 
8^,  pp.  439,  1883.  {Note,— The  first  147  pages  of  this  book  contain  oil  well 
records;  see  under  Petroleum  Fields  below,) 

J*  Report  on  the  Oil  Rboion,  by  H.  E.  Wrigley ;  map  and  profile  of  line 
of  levels  through  Butler,  Armstrong,  and  Clarion,  by  D.  J.  liUcas ;  map  and 
profile  of  Slippery  Rock  creek,  by  J.  P.  Lesley.  5  maps  and  sections,  a  plate 
and  5  cuts.    8^,  pp.  122,  1875. 

K.  Report  on  Greenb  and  Washington  counties,  by  J.  J.  Stevenson. 
With  two  county  map&  (Showing  the  calculated  local  depths  ot  the  Pitts- 
burgh and  Waynesburg  coal  beds  beneath  the  surface,)  and  3  page  plates  of 
general  sections.  8^,  pp.  419, 1876.  (^Notc—SHnce  the  publication  of  this  book 
two  colored  geological  county  maps  have  been  published,  and  will  be  found 
in  pocket  of  volume  KS  described  below. ) 

K  8.  First  report  on  Fatbttb,  Wb^tmorbland,  and  S.  E.  Alleohbnt 
counties,  (t.  6.,  west  of  Chestnut  Ridge,)  by  J.  J.  Stevenson.  With 3  colored 
geological  county  maps  and  50  cuts  in  the  text.    80,  pp.  487,  1877. 

&  3.  Second  report  on  Fayettb  and  Westmoreland  counties,  (the  Lig- 
onier  valley,)  by  J.  J.  StevensDU.  With  4  page  plates,  and  107  cuts  in  text. 
8<^,  pp.  331,  1878.  (Note, — In  a  pocket  in  this  volume  will  be  found  the  col- 
ored geological  maps  of  Oreene  and  Washington  counties,  alluded  to  above,) 

K  4.  Pt.  I,  Report  on  the  Mononoahela  river  coal  mines,  from  the  West 
Virginia  State  line  to  Pittsburgh,  (including  some  on  the  Y^oughiogheny  and 
other  streams,)  by  J.  Sutton  Wall.  With  a  map  of  the  region  in  a  pocket,  12 
heliotype  pictures,  and  26  page  plates.    8^,  pp.  231,  1881. 

li.  Report  on  the  Youohioqheny  coke  manufacture,  by  F.  Piatt;  Notes 
on  the  coal  and  iron  ore  beds,  by  C.  A.  Young;  Report  on  methods  of  coking, 
by  J.  Fulton,  (Hee  O  below;)  Report  on  the  use  of  natural  gas  in  the  iron 
manufacture,  by  J.  B.  Pearse  and  F.  Piatt;  The  Boyd's  hill  gas  well  at  Pitts- 
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burgh,  by  J.  P.  Lesley.  With  a  map  of  the  ooke  region,  two  folded  plates  of 
ooke  ovens,  and  page  plates  and  outs  In  the  tezr.    8^,  pp.  252, 1876. 

Q,m  ReiK>rt  on  Bbaver,  N.  W.  Allbohbky,  and  S.  Butlbr  counties,  by 
I.  C.  White.  With  8  colored  geological  county  maps,  and  21  page  plates  of 
aeotiona    80,  pp.  337, 1878. 

Q,  8.  Report  on  Lawrbxob  county,  and  special  Report  on  Correlation  of 
the  Pennsylvania  and  Ohio  coal  beds,  by  I.  C.  White.  With  a  colored  geolog- 
ical county  map,  and  184  cuts  in  the  text.    8^,  pp.  836,  1879. 

^  3.  Report  on  Mbrcbb  county,  by  I.  C.  White.  With  colored  geological 
county  map,  and  119  cuts  in  the  text.    80,  pp.  283,  1880. 

Q,  4.  Report  on  Crawford  and  Erie  counties,  by  I.  C.  White.  With  two 
colored  geological  county  maps,  and  107  cuts  in  the  text.  Also,  a  Report  on 
a  preglacial  outlet  for  Lake  Erie,  by  J.  W.  Spencer.  With  two  maps  of  the 
Lake  region.    8o,  pp.  406, 1881. 

R.  Report  on  McKban  county,  and  its  geological  connections  with  Came- 
ron, Elk,  and  Forest  counties,  by  C.  A.  Ashburner.  With  S3  page  plates  of 
vertical  and  columnar  sections,  pictures  of  Rock  city  and  Glean  conglomerate, 
Wilcox  and  Kane  spouting  wells,  map  of  Howard  Hill  coal  field,  &c,,  and  an 
atlas  of  8  sheets.    80,  pp.  871, 1880. 

(R.)  Atlas  for  MoKean  county  of  8  sheets :— Colored  geological  county 
map;  three  topographical  maps;  of  Bufblo  Coal  Company  tract,  Alton  coal 
basin,  and  Potato  Creek  coal  basin ;  map  of  McKean  oil  district ;  one  sheet  of 
columnar  sections  between  Bradford  and  Ridgway ;  and  2  diagram  sheets  of 
the  Well  account  and  Production  account  in  the  Bradford  district. 

R  8.  Part  II,  Report  on  township  geology  of  Camerox,  Elk  and  Forest 
counties,  by  C.  A.  Ashburner. 

(R  8.)  Atlas  for  Cambron,  Elk  and  Forest  counties,  of  II  sheets  (pub' 
liahed  November ^  1884^  in  advance  of  the  report):— S  colored  geological 
county  maps;  1  anticlinal  and  synclinal  map;  1  topographical  map  McKean 
county;  2  tract  maps  Forest  and  Elk  counties;  1  map  Straight  Creek  coal 
basin ;  2  sheets  oil  well  sections ;  and  1  sheet  coal  sections. 

V.  Report  on  N.  Butler  county;  and  (Part  2)  special  report  on  the  Beaver 
and  Shenango  river  coal  measures,  by  H.  M.  Chance.  With  a  colored  geolog- 
ical map  of  N.  Butler;  a  contour  local  map  around  Parker;  a  map  of  the  an- 
ticlinal rolls  in  the  6th  basin ;  a  chart  of  the  Beaver  and  Shenango  rivers ; 
profile  section  from  Home  wood  to  Sharon ;  Oil  well  records  and  surface  sec- 
tions; and  154  cuts  in  the  text.    80,  pp.  248,  1879. 

V  8.  ReiK>rt  on  Clarion  county,  by  H.  M.  Chance.  With  a  colored  geo- 
logical county  map ;  a  map  of  the  anticllnals  and  oil-belt;  a  contoured  map 
of  the  old  river  channel  at  Parker ;  4  page  plates,  and  83  cuts  in  the  text.  8^, 
pp.  282,  1880. 

For  the  coal  basins  of  Bradford  and  Tiooa  counties  see  report  O. 

For  the  coal  basins  of  Lycoming  and  Sullivan  see  report  G  2. 

For  the  coal  basins  of  Potter  county  see  G  3. 

For  the  coal  basins  of  Clinton  county  see  G  4. 

For  the  coal  in  Wayne  county  see  G  5. 

For  the  East  Broad  Top  coal  basin  in  Huntingdon  county  see  F. 

For  the  mountain  coals  in  Blair  county  see  T. 

For  the  Broad  Top  coal  measures  in  Bedford  and  Fulton  counties  see  T  2. 

For  the  coal  basins  in  Centre  county  see  T  4. 

For  coal  analyses,  see  M,  M  2,  M  3. 

For  classification  of  coals,  see  in  M  2. 
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For  ooai  plants,  see  P,  P  2. 

For  fossil  crustaceans  in  coal  slate,  see  P  3. 

For  Origin  of  Goal ;  Pittsburgh  Region  and  Monongahela  Valley;  Wellers- 
burg  coal  basin,  Somerset  county ;  and  Tipton  Run  coal-beds.  Blair  county,  see 
Annual  Report,  1885. 

Grand  Atlas  Div.  Ill,  Pt  1, 1885,  port-folio  containing  35  sheets  (26'  x32") 
as  follows:  32  sheets  relating  to  portions  of  the  Petroleum  and  Bituminous 
Coal-fieldB,  and  3  sheets  relating  to  the  Quaternary  period. 

FETBOLEUK  AND  QAa 

See  reports  1, 1 2,  J  3, 1 4,  and  J,  under  Bituminous  Coal  Fields. 

See  L,  for  the  Httsburgh  gas  well,  and  the  use  of  gas  in  the  iron  manu- 
facture. 

See  Q,  Q  2,  Q3,  Q4,  for  references  to  oil  rocks  in  Beaver,  Lawrence,  Mercer, 
Crawford,  Erie,  and  S.  Butler  counties. 

See  K  for  the  Dunkard  Creek  oil  wells  of  Greene  county. 

See  R,  R  2,  for  descriptions  of  oil  rocks  in  MoKean,  Elk,  and  Forest 
counties. 

See  V,  V  2,  for  notes  on  the  oil  rocks  of  N.  Butler  and  Clarion  counties. 

See  H  2  for  oil  boring  at  Cherry  Tree,  Cambria  county. 

See  G  5  for  oil  boring  in  Wayne  county. 

See  Annual  Report,  1885,  for  report  of  progress  in  the  oil  and  gas  region, 
with  special  fiiots  relating  to  the  geology  and  physics  of  natural  gas. 

See  Grand  Atlas,  Div.  Ill,  P(.  I,  under  Bituminous  Coal  Fields. 


NOBTH-EASTEBN  AND  MIDDLE  PENNSYLVANIA. 

{Palaeozoic  formationa  from  the  Coal  Measures  down,) 

D.  First  report  on  Lehioh  county  iron  mines,  by  F.  Prime.  With  a  contour 
line  map  of  the  ore  region  and  8  page  platea    8^,  pp.  73,  1875. 

D  2.  Second  report  on  Lehioh  county  iron  mines,  by  F.  Prime.  With  a 
colored  geological  contour  line  map  of  the  iron  region,  (in  4  sheets,)  a  colored 
geological  contour  Ime  map  of  the  Ironton  mines,  4  double  page  lithograph 
pictures  of  Limestone  quarries,  and  one  page  plate  of  Monocrateriofi.  8<^, 
pp.  99,  1878. 

D  3.  Vol.  1.  Report  on  Lehioh  and  Northampton  counties.  Introduc- 
tion b3'  J.  P.  Lesley ;  Slate  belt,  by  R.  A.  Saunders ;  Limestone  belt  and  iron 
mines,  by  F.  Prime ;  South  mountain  rocks,  by  F.  Prime  and  C.  E.  Hall. 
With  3  lithograph  pictures  of  quarries,  4  pictures  of  triangulation  stations,  14 
page  plates  of  sections,  and  an  atlas  of  maps.  8^,  pp.  283,  1883.  (Note, — ^r 
atlas  see  below,) 

D  3.  Vol.  11,  Parti.  Report  on  Berks  county,  (  outh  mountain  6e/i,) 
by  E.  V.  d'invilliers.  With  10  page  plates  of  sections  and  Indian  relics,  and  3 
pictures  of  rock  exposures.    80 ,  pp.  441 ,  1883.     ( Note,— For  atlas  see  below, ) 

(D  3»)  Atlas  :  One  colored  geological  map  of  Lehigh  and  Northampton 
counties,  (one  sheet;)  one  colored  geological  contour  line  map  of  Southern 
Northampton  county,  (six  sheets;)  a  contour  line  map  of  the  mountains  from 
the  Delaware  to  the  Schuylkill,  (eighteen  sheets ;)  a  colored  geological  con- 
tour line  index  map  to  the  22  sheets,  (one  sheets)  and  4  sheets  of  maps  of 
Iron  mines. 
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(D  5.)  ATiiAS  of  colored  geologioal  ooanty  maps  of  Cumberland,  Frank- 
LTN|  and  Adams,  {three  eheete);  and  Arst  instalment  of  oontour  line  map  of 
the  8oath  mountains,  Sheets  A  1,  A  2,  B  1,  B  2,  {four  aheete,)  b^'  A.  E. 
Lehman. 

F.  Report  on  the  Juniata  rivsr  district  in  Mifflin,  Snydbr  and  Hun- 
tingdon oounties,  by  J.  H.  Dewees,  and  on  the  Aughwiok  valley  and  East 
Broad  Top  region  in  Huntingdon  ooanty,  by  C.  A.  Ashbnrner.  With  col- 
ored geological  maps  of  East  Broad  Top  R.  R.  and  Orbisonia  vicinity,  (2 
sheets ;)  Three  Springs  map  and  section,  (2  sheets;)  Sideling  Hill  Creek  map 
and  section,  (2  sheets,)  and  Isometric  projection  at  Three  Springs,  (I  sheet :) 
six  folded  cross  sections  and  22  page  plates  of  local  maps  and  columnar  sec- 
tions.   80,  pp.  805,  1878. 

Fa.  Report  on  Pkrrt  county,  (Part  I,  geology^)  by  E.  W.  Clay  pole. 
With  two  colored  geological  maps  of  the  county  ;  17  geological  outline  town- 
ship maps  as  page  plates,  and  SO  page  plate  cross  and  columnar  sections.  80, 
pp.  437, 1881. 

G.  Report  on  Bradford  and  Tioga  counties,  by  A.  Sherwood ;  report  on 
their  coal  fields,)  including  forks  of  Pine  creek  in  Potter  county,)  by  F.  Piatt ; 
report  on  the  coking  of  bituminous  coal,  by  J.  Fulton.  ('See  L  above,) 
With  two  colored  geological  county  maps,  8  page  plates,  and  86  cuts  in  the 
text.    80,  pp.271,  1878. 

G  %m  Report  on  Lycoming  and  Sullivan  counties ;  field  notes  by  A.  Sher- 
wood ;  coal  basins  by  F.  Piatt.  With  t\\o  colored  geological  county  maps,  (of 
Lycoming  and  Sullivan,)  a  topographical  map  (in  two  sheets)  of  the  Little 
Pine  creek  coal  basin,  and  24  page  plates  of  columnar  sections.  8^,  pp.  268, 
1880. 

G  3.  Report  on  Potter  county,  by  A.  Sherwood.  Report  on  its  coal 
FiBLDB,  by  F.  Piatt.  With  a  colored  geological  county  map,  2  folded  plates, 
and  2  page  plates  of  sectiona    80,  pp.  121 ,  1880. 

G  4.  Report  on  Clinton  county,  by  H.  M.  Chance,  including  a  descrip- 
tion of  the  Renovo  coal  basin,  by  C.  A.  Ash  burner,  and  notes  on  the  Tangas- 
cootac  coal  basin,  by  F.  PlatL  With  a  colored  geological  county  map,  1  sheet, 
of  sections,  local  Renovo  map,  6  page  plates,  and  21  sections  in  the  text.  8^, 
pp.  183,  1880. 

G  5.  Report  on  Susquehanna  and  Wayne  counties,  by  I.  C.  White. 
With  a  colored  geological  map  of  the  two  counties  and  58  cuts  in  the  text. 
80,  pp.  248,  1881. 

G  6.  Report  on  Pike  and  Monroe  counties,  by  I.  C.  White.  With  two 
colored  geological  county  maps,  (1  sheet  Pike  and  Monroe  and  1  sheet  Wyom- 
ing,) a  map  of  giacial  scratches,  an  i  7  small  sections.  Report  on  the  Delaware 
and  Lehigh  Water  Gaps,  with  two  contoured  maps  and  five  sections  of  the 
gaps,  by  H.  M.  Chance.    80,  pp.  407,  1832. 

G  T.  Report  on  Wyoming,  Lackawanna,  Luzerne,  Columbia,  Mon- 
tour, and  Northumberland  counties,  (i.  6.,  the  parts  lying  outside  of  the 
anthracite  coal  fields,)  by  I.  C.  White.  With  a  colored  geological  map  of  these 
counties,  (in  two  sheets,)  and  31  page  plates  in  the  text,  8^,  pp.  464, 1888. 
(  Note, — 2'he  colored  geological  map  o/  W  yomino  county  is  published  in  0  6.) 

T.  Report  on  Blair  county,  by  F.  Piatt.  With  35  cuts  in  the  text,  and  an 
Atlas  of  maps  and  sections,  (see  below.)    8°,  pp.  311,  1881. 

(T.)  Atlas  of  colored  geological  contour  line  map  of  Morrison*s  cove, 
Canoe  valley,  Sinking  valley,  and  country  west  to  the  Cambria  county  line. 
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(14  sheets;)  Index  map  of  the  same,  (1  sheet;)  colored  sections,  (2  sheets.) 
80, 1881. 

T  8.  Report  on  Rkdford  and  Fulton  ooanties,  by  J.  J.  Stevenson.  With 
two  colored  geological  maps  of  the  two  conntiea.    8^,  pp.  882,  lh82. 

T  3.  Report  on  Huntikodon  county,  by  I.  C.  White.  With  a  colored  geo- 
logical map  of  the  county,  and  numerous  sections.    80,  pp.  471, 1885. 

T  4.  Report  on  Cbntrb  county,  by  K  V.  d'Invilliers ;  also,  special  report, 
by  A.  L.  Ewing,  and  extracts  from  report  to  Lyon,  Shorb  A  Ca,  by  J.  P.  Les- 
ley. With  a  colored  geological  map  of  the  county,  18  page  plates  of  local 
maps  and  sections,  and  16  cuts  in  the  text.    8^,  pp.  464, 1884. 

For  report  on  line  of  the  Terminal  Moraine,  see  Z. 

Grand  Atlas,  Div.  IV,  Pt  1, 1886.  Port-folio  containing  48  sheets,  as  fol- 
lows: 80  sheets  relating  lo  the  Durham  and  Reading  Hills  and  bordering  val- 
leys in  Northampton,  Lehigh,  Bucks,  and  Berks  counties,  and  18  sheets  re- 
lating to  the  South  Mountains  in  Adams,  Franklin,  Cumberland  and  York 
counties. 

Grand  Atlas,  Div.  V,  Pt.  1, 1886.  Port-folio  containing  85  sheets,  as  fol- 
lows: 29  sheets  relating  to  the  Topography  and  Geology  of  the  PalsBOzoic 
strata  in  parts  of  Cambria,  Blair,  Bedford,  Huntingdon,  Mifflin,  Centre,  and 
Union  counties,  6  sheets  contain  a  map  and  geological  cross  section  along  the 
east  bank  of  the  Susquehanna  river,  Lancaster  county,  and  1  sheet  contains 
cross  sections  of  the  Philadelphia  belt  of  the  Azoic  rocks. 

For  report  on  Cornwall  Iron  Ore  Mines,  Lebanon  county,  and  the  Tipton 
Run  coal-beds,  Blair  county,  see  Annual  Report,  1885. 


SOUTH-EASTERN  PENNSYLVANIA. 

€•  Report  on  York  and  Adams  counties,  by  P.  Fraser.  With  one  folded 
map  of  a  belt  of  York  county  through  York  and  Hanover,  6  folded  cross  seo- 
tions,  and  two  page  plate  microscopic  slices  of  dolerite.  8^,  pp.  198, 1878. 
{Note,— The  colored  geological  county  map  of  York  ia  published  in  the 
Atlas  to  C  S.) 

C  3«  Report  on  York  and  Adams  counties,  (South  Mountain  rocks,  iron 
ores,  do.,)  by  P.  Frazer.  With  one  general  map  of  the  district,  10  folded  cross 
sections,  and  5  page  plates.  80,  pp.  400,  1877.  (Notc^The  colored  geological 
county  map  of  Adams  ie  published  in  D  6.) 

C  3.  Report  on  Lancaster  county,  by  P.  Frazer.  With  nine  double  page 
lithographic  views  of  slate  quarries  aod  Indian-pictured  rocks,  one  plate  of  im- 
pressions on  slate,  and  one  page  plate  microscopic  section  of  trap,  and  an  at- 
las.   80,  pp.  350, 1880. 

(C  3.)  Atlas  of  IS  sheets:  Colored  geological  map  of  York  county ;  col- 
ored geological  map  of  Lancaster  county ;  Susquehanna  river  section, 
(Sheets  1,  1  A,  2,  2  A,  8,  4 ;)  Lancaster  section  ;  Pequea  section  ;  Muddy  run 
section ;  Chestnut  Hill  mines ;  Gkip  Nickel  mine. 

C  4.  Report  on  Chester  county;  General -Description,  pp.214,  by  J.  P. 
Lesley ;  Field  Notes  in  the  townships,  pp.  216-854,  by  P.  Frazer.  With  a  col- 
ored geological  county  map,  a  photographic  view  oT  contorted  schistSj  and  12 
page  plates.    80,  pp.  891,  1883. 

€5.  Report  on  Delaware  county,  by  C.  E.  Hall.  With  a  colored  geolog- 
ical county  map ;  a  contour  line  map  around  Media ;  80  photographic  page 
plate  views  of  granite  quarries,  kaolin  pits,  &c  ,  and  4  page  plates  of  altered 
micas.    8^,  pp.  128,  1885.    See  Annual  Report,  1885,  for  Kaolin  Report. 


LIST  OF  PUBLICATIONS.  717 

C  6.  Report  on  PeiiiADKLPHiA  and  the  southern  parts  of  Montoombry 
and  Bucks  counties,  by  ( •.  E.  Hall.  With  a  oolored  geological  map  of  the  belt 
of  country  between  Trenton  and  Delaware  county,  (in  3  sheets,)  a  sheet  of 
oolored  cross  sections,  and  24  cuts  in  the  text.    80,  pp.  145, 1882. 

£•  Parti  of  (historical  introduction  to)  a  report  on  the  Azoio  rocks,  by  T. 
a  Hunt.    80,  pp.  258,  1878. 

For  report  on  the  kaolin  deposits  of  Chbstkb  and  Dblawabb  counties,  see 
Annual  Report,  1885. 

See  also  Grand  Atlas,  Div.  V,  Pt.  I,  under  North-eastern  and  Middle 
Pennsylvania. 


SALE  OF  SIJBVBY  PUBLICATIONS. 

In  accordance  with  the  provisions  of  an  act  approved  July  8, 1885,  the  Sur- 
vey Reports  printed  prior  to  that  date,  remaining  in  the  custody  of  the  Board 
of  Commissioners,  have  been  turned  over  (1)  to  the  State  Librarian  for  dis- 
tribution and  exchange  with  other  States  and  Territories,  and  (2)  to  the  proper 
officials  for  delivery  to  the  members  of  the  Legislature  of  1885.  That  portion 
of  the  act  of  May  14, 1874.  directing  the  sale  of  these  reports  at  coat  of  publi- 
eation  to  all  applicants  for  them  has  been  repealed. 

In  consequence,  the  Board  of  Commissioners  liave  no  reports  on  hand  for 
sale  through  the  Secretary  of  Internal  Afl&iirs  as  formerly ;  an  arrangement 
has,  however,  been  made  for  the  accommodation  of  persons  wishing  any  of 
the  reports  published  from  1874  to  1885,  inclusive,  by  which  copies  will  be 
purchased  at  the  Survey  Office,  as  opportunity  will  permit,  and  be  resold  at 
the  following  prices,  to  all  applicants  for  them : 

Price,    JPbatage. 

A.  History  of  the  First  Geological  Survey,  1876, |0  25  fO  06 

A«.    Coal  Waste,  1881, 1  10  12 

AC.  Mining  Methods,  with  Atlas,  1888, 2  80  87 

AA.  Panther  Creek  Anthracite  Field.  1833,      58  18 

AA.  Panther  Creek  Anthracite  Field  Atlas,  Pt.  1,  1888,  ....  1  50  12 
AA.  Mahanoy  and  Shenandoah  Anthracite  Field  Atlas,  Part  1, 

1884, 1  65  11 

AA.  Wilkes  Barre  and  Nanticoke  Anthracite  Field,  Pt.  1, 1884,  2  42  12 

AA.  Hazsleton  and  Drilton  Anthracite  Field  Atlas,  Pt.  1, 1885,  .  I  50  8 
AA.  Anthracite  Stetistics  for  1883  and  1884,  with  map  of  the  'Coal 

Regions,  1885, 15  2 

B.  Mineralogy  of  Pennsylvania,  1875, 75  10 

C.  York  and  Adams  Counties,  1876, 85  10 

C^.    York  and  Adams  Counties,  1877, 1  25  12 

C.    Lancaster  County,  with  Atlas,  1880, 220  25 

C*.    Chester  County,  1888, 75  18 

C\    Delaware  County,  1885,  .  .             1  15  18 

C*.    Philadelphia  and  parts  of  Montgomery  and  Bucks  Conn- 
ties,  1882, 1  65  18 

i>.     Leiiigh  County  Iron  Mines,  1875, 50  4 

D3.    Lehigh  County  Iron  Mines,  1878,      160  12 

NoTB.— Single  copies  of  the  anthracite  sheets  contained  in  the  above  atlases 
can  be  purchased  at  the  cost  of  printing. 
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Price.    Postage. 

D>.   Vol.  I,  Lebigb  and  Northampton  Counties,  1883, 85  13 

D».    Vol.  II,  Part  1,  Berka  County,  1833, 55  18 

D^    Atlas— Lehigh  and  Northampt-n  Counties,      2  80  17 

D'.    Atlas— Cumberland,  Franklin,  and  Adams  Counties,     .   .    1  25  8 

K     Trap  Dykes  and  Azoic  Rocks  of  S.  E.  Pennsylvania,  1878,      48  12 

F.  Mifflin,  Snyder,  and  Huntingdon  Counties,  1878,  ....  2  55  20 
F».    Perry  County,  1884,     .   .                  90  17 

G.  Bradford  and  Tioga  Counties,  1878,      1  00  12 

G^.    Lycoming  and  Sullivan  Counties,  1880, 1  06  14 

G».    Potter  County,  1880, 58  8 

G*.    Clinton  County,  1880 105  12 

G'.    Snsquelianna  and  Wayne  Counties,  1881, 70  12 

G*.    Pike  and  Monroe  Counties,  18S2, 1  15  15 

G^.    Wyoming,  Lackawanna,  Luzerne,  Columbia,  Montour,  and 

Northumberland  Counties,  1888, 85  20 

R.     Clearfield  and  Jefferson  Counties,  1875, 1  50  18 

H».    Cambria  County,  1877, 1  00  12 

H>.   Somerset  County,  1877, 85  18 

H*.   Indiana  County,  1878,        80  14 

H>.    Armstrong  County,  1880, 75  16 

H«.  Jefferson  County,  1881, 60  12 

H7.  Clearfield  County,  1884, 85  11 

I.      Venango  County,  1875,      ...          60  5 

1 2.     Oil  Well  Records  in  Venango,  Warren,  Crawford,  Clarion, 

Armstrong,  Butler,  dc,  1877,          60  18 

I^.    Venango,  Warren,  Clarion,  and  Butler  Oil  Regions,  with 

Atlas,  1880,              230  80 

1*.    Warren  County,  1883,     1  12  20 

18.     Map  of  the  Oil  Regions,  1885, 10  2 

J.      Oil  Regions,  1875, 75  6 

K.     Greene  and  Washington  Counties,  1876, 65  16 

K'.    Fayette,  Westmoreland,  and  S.  E.   Allegheny  Counties, 

1877,               1  40  20 

K'.    Fayette  and  Westmoreland  Counties,  1878, 1  40  16 

K«.    Monongahela  River  Coal  Mines,  Pt.  1, 1884, 1  15  14 

L.      Coke  Manufacture  and  the  Use  of  Natural  Gtas  in  Iron 

Making,  1876,                           1  00  13 

M.     Chemical  Analyses  in  1874-5,  1875, 50  5 

M3.   Chemical  Analyses  in  1876-8,  1870, 65  18 

M'.   Chemical  Analyses  in  1879-80,  1881,         40  10 

N.     Tables  of  Elevations  in  Pennsylvania,  1878, 70  15 

O.      Catalogue  of  Specimens  in  Geological  Museum,  1878,  ...       40  10 

O'.  Catalogue  of  Specimens  in  Geological  Museum,  1880,  .  .  40  10 
P.      Vols.  I  and  II,  Coal  F.ora  of  Pennsylvania  and  United 

States,  1880,             .80  28 

P.      Vol.  Ill,  Coal  Flora  of  Pennsylvania  and  United  States, 

1884,           1  20  18 

P.      At'as  of  Coal  Flora  of  Pennsylvania  and  United  States, 

1879, 385  22 

P».  Permian  Flora  of  West  Virginia  and  S.  W.  Pennsylvania, 

1880,        2  25  17 
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Price,  Postage. 
ps.    Description  of  the  Foeeils  Ceratiocaridce  and  Eurypteridas, 

io84|         .....                  .       60  7 

Q.      Beaver,  N.  W.  Allegheny,  and  S.  Butler  Counties,  1878,  .    1  40  20 

Q».    Lawrence  County,  1879, 70  16 

Q».    Mercer  County,  1880,         60  11 

Q<.    Crawford  and  Erie  Counties,  1881, 1  17  18 

R.     McKean  County,  with  Atlas,  1880,       1  70  22 

R2.    Cameron,  Elk,  and  Forest  Counties,  Part  II,  with  Atlas, 

1885,         125  25 

T.      Blair  County,  with  Atlas,  1881,          4  56  28 

T«.    Bedford  and  Fulton  Counties,  1882 80  20 

T«.     Huntingdon  County,  1885, 95  18 

T*.    Centre  County,  1884, 80  18 

V.      North  Butler  County,  1879 70  15 

V*.    Clarion  County,  1880, 48  12 

X.     Geological  Atlas  of  Counties,  1885 4  46  18 

Z.      Terminal  ^f  oraine  in  Pennsylvania  and  Western  New  York,  1  40  16 

Grand  Atlases. 

These  atlases  contain  maps  and  sections  printed  on  heavy  paper  (sheets 
2e"X92")  of  similar  maps  and  sections  printed  on  light  paper  sheets  contained 
in  the  octavo  atlases. 

Division  I,  Part  I,  Geological  maps  pf  66  countie& 

Division  II,  Part  I,  Anthracite  Coal-fields. 

Division  II,  Part  II,  Anthracite  Coal-fields. 

Division  III,  Part  I,  Petroleum  and  Bituminous  Coal-fields. 

Division  IV,  Part  I,  Durham  and  Reading  Hills  and  South  Mountains. 

Division  V,  Part  I,  Central  and  South-eastern  Pennsylvania. 

Price  of  complete  set,  (6  vols.,)  936  00. 


INDEX. 


rage. 

Abbott  coal-bed,  where  mined, 368 

Abbott  and  Jaokson  twps.,  Potter  00.,  borings  for  oil  in, 82 

Academy  of  Natural  Sciences,  Phila.,  Survey  specimens  deposited  with,  441 

Act  of  Assembly  authorizing  continuation  of  oil  survey, 1 

Adachi,  Jinzoo,  connected  with  work  in  Northern  Coal  Field, 354 

Albite  in  feldspar  rocks,     ...  685 

Alden  colliery,  coal-bed  worked  at, 368 

•«  •«        elevations  at, 374 

Alden,  P.  £.,  map  of  property  State  Line  and  Sullivan  R.  R.  Co.,    .       .  .  463 

Alden,  P.  £.,  surveys  of  Bernice  mines. 473 

Allegany  Oil  District,  N.  Y., 12 

"  **         **  *•       immense  flow  of  gas  in,     31 

"  «*         "  "       pressure  of  gas  in, 39 

««  "         «•  "       statistics  of, 14 

Allegany  and  Bradford  black  oil-sands, ,  .     3 

Allegany  co.,  N.  Y.,  to  St.  Joe,  Butler  co.,  Pa.,  oil  drillings  between,  .  .     3 

Allegheny  co..  Pa. ,  elevations,      142 

**  **       wells,  gas  from  Venango- Butler  oil-sands, 4 

**  observatory,  geographical  position  of, 706 

AUeghenies,  triangulation  extending  to  foot  of, 698 

Allegheny  Valley  R.  R.,  elevations  along, 140 

Allen  twp.,  Washington  co.,  elevations  in, 152 

Allaphane,  found  at  Cornwall, 647 

Alloriama  aubcuneataf 444,466,457 

Alluvial  drift  between  Kingston  and  Wilkes  Barre, 887 

Alslng  clay  mills,        613 

American  Assn.,  Szabo's  feldspar  test,  proceedings  of, 587 

**         Inst,  of  Min.  Bngrs. ,  Hoosao  tunnel,  rock  decribed  in  Trans.,   .  578 
**         Journal  of  Science,  Hoosac  tunnel,  rock  described  in,  .  578,680,581 

<*         American  Kaolin  Works,  Chester  co., 572 

"         Philosophical  Society,       579 

*<         Glacial  Geology,  paper  on, 624 

**         Philos.  Soc,  paper  on  Substance  Found  in  Peat-bog, 648 

Anslyses  coals  from  Hauto  screen  building,  L.  C.  A  N.  Co., 316 

'•  **  Lehigh  region, 310 

"  **  Panther  creek  basin, 310 

**        Penna.  anthracites, 313 

**        specimens  from  Mammoth  bed  mines,   .  .      811 

«*        Bernice  bed  A, 467 

"  "         coal-beds, 477-485 

"        bituminous  coal,  Kramer  <fc  Hart  mine,  (Tipton,) 264 

"        Loyalsock  coal, 318 

46  (721) 
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Pftfe. 

AnalyMS  ooal  from  Tipton  run  tnanei, 265 

"        Pooonoooals,  remarks  on, 268 

•<         »«  blue  ore,"  Phoenix  mines, 587 

**        Cornwall  ore  oompared  with  Boyertown  ore,  etc, 587 

**        Dillsbarg  ore  oompared  with  Cornwall  ore, 637 

*<        hematite  ore,  (Jerome  L.  Boyer,) 586 

"        Island  mine  ore  oompared  with  Cornwall  ore, 537 

•*        Wbeatfieid  mine  ore    "         «•  "         ••      587 

*•        HookesBinday, 587 

«         John's  kaolin, 580 

<»         dopplerUe, 651,655 

«        kaolin  fromLanoaster  oo., 588 

«<        mineral  associated  with  Cornwall  ore 588 

«        material  found  in  peat-bogs, 116 

•«         trap  rook, 497 

Anthracite  ooal  fields,  areas  of, 277 

**  *<  general  description  of,  ....  .' 269 

**        ooal  in  Pennsylvania,  origin  of, 115 

•<         counties,  relative  importance  of, 276 

'<         fUmaoe,  Cornwall, 548 

*<         region,  geographyof, 275 

•♦  •♦         history  of, 277 

*<  **        policy  adopted  in  surveying, 271 

".        survey,  date  of  completion  of  work, 272 

"  **        original  plan  of  field  operation, 278 

«*  "        size  of  field  corps,     271 

Anticlinals  and  Basins  in  Northern  Anthracite  coal-field,     898 

**  "  Wyoming  valley, 404 

«  not  a  guide  in  searching  for  oil, 78 

"  system  of  naming  used  on  Survey, 405 

"  theory,  remarks  on, 45-51 

Apollo  basin  and  sub-axis, 167 

Archbald  pot-holes, 615-618 

"  *<  formed  in  pre-glacial  times, 686 

Archer  well.  Elk  oo., 8 

Armstrong  CO.,  gas  in  central  portion  of, 86 

Artesian  wellsof  Paris, 665 

Ashbumer,  Charles  A.,  description  of  Archbald  Pot  Hole,  by, 615 

•*  "  report  on  Bern  ice  coal-basin,  by, 469 

*<  '*  **       Brandywine  Summit  kaolin  bed,  by,   .  593 

"  "  "       Wyoming  Valley  limestone  beds,  by,  .437 

«  '«  **       limestone  with  kaolin,     581 

**  **  measurements  of  Emhont  and  Taylor  well,  by,     .  668 

•*  "       *    notice  ol  Scranton  mineral,  by, 655 

•»  "  Wilcox  Well,  No.  1.  studied  by, 664 

Ashland  and  Delano,  rock  sections  between, 835 

"       difficulty  in  survey  eist  and  west  of, 846 

"       mine  sheet  (No.  IV,)  areaof, 848 

"  •♦  ••         coal-beds  worked  on, 848 

'*  *^  *'         section  showing  ooal  measures  on,    ....  348 
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Faff*. 

Ashley  oemetery  anticlinal, 416 

*<      (Nos.  6  and  8)  ooilieries,  elevations  at, 383 

"      mine,  Red  Ash  bed,  worked  at, 881 

*•     mine  sheet.  No.  VI,  description  of, 381 

«      planes,  Pottsville  Conglomerate  along, 287,898 

V*     shops  anticlinal,  description  of, 415 

Atlantic  mines,  description  of, 204 

Athens,  Bradford  co.,  geog^phioal  position  of,     706 

Athyris  subquadrala,  440,453 

Augusta  Springs,  Va. ,  Pooono  coal  mined  at, 254 

Aussee,  Austria,  peat-bog  near, 652 

Aviculopecten  oceidentalis, 442,455 

«♦  winchelli, 442,444,453 

Avondale  colliery,  operator,  and  beds  worked  at, 868 

*•  «*         elevations  at, .   .  .  379 

Azimuth,  definition  of,       698 

Azurite,  found  at  Cornwall, 547 

B. 

B  coal-bed,  Loyalsock  Field,  analysis  of, 313 

Baby  tunnel,  Elarry  E.  colliery, 886 

*<  coal-bed,  where  mined, 869 

Bagdad  anticlinal  axis, 165 

Bald  mountain, 459 

Baldridge  oil  district, 24 

Bald  triangulation station,  geographical  position, 697,705 

Baldwin  twp.,  Allegheny  CO.,  elevations  in, 144 

Baltic  Sea,  formation  of  bogs  near  mouth  of, 115 

Baltimore  bore-hole,  section  of 435,436 

*<         coal-bed,  where  mined,     \  .   .  868,872 

«  "  one  bench  worked, 882 

«  "  average  thickness  of , 392 

♦«  ••  near  Wilkes  Barre 891 

*•  *<  original  purpose  of  Survey  to  contour  surface  of,  .  .  863 

**  *'  place  of  division  into  two  benches  of  the, 392 

<*        colliery,  elevations  at, 395 

*'        mines,  Baltimore  coal-bed  originally  opened  at, 392 

*<         shaft  basin, 412 

•*         slope.  No.  8,  in  Baltimore  bed,     392 

"  **      beds  worked,      868 

*<         tunnel,  beds  worked, 868 

**         Stanton  anticlinal,     413 

"         A  Ohio  R.  R.  elevations, ! 127 

«<  <•  **        (PitUburgh  division)  elevations, 131 

Balltown  oU  pool,  production  of, 18 

««  "  rise  and  fall  of, 1 

Barneeville,  large  gas  well,     33 

Barnard,  Professor,  work  of  party  with, 697 

Barren  coal-measures,  description  of,     177 

Barton  coal-bed,  description  of, 180 
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Basins,  anthraoite,  depths  of, 285 

"      and  anticUnals,  Northern  ooal-field 898-404 

Bast  ooUiery,  analysis  of  ooal  from, 323 

Bear  Ron  oolJiery,  analysis  of  ooal  and  ash  from, 828 

Bear  Pen  point,  dip  of  rooks  near, 257 

*<  "      capped  by  Pottsyille  oonglomerate, 258 

Bear's  Head  trlangalation  station, 689,705 

Beartown  triangulation  station, 694,701 

Beaver,  Beaver  county, 41 

*<       creek,  kaolin  on, 599 

**       county  gas  wells, 4 

<*       Falls  gas  supply, 41 

«  "   change  in  rocks  developed  at, II 

"        Marsh  A  Co., .  .   .  586 

*«       valley  well,  history  of, 87 

Beechwood  colliery,  analysis,  coal  and  ash  from, 823 

Behee's  pond  anticlinal, 416 

Bell,  I.  Lowthian, 309 

Bellerophon, 457 

"  nodocarinatus, 467 

Belie-Yernon,  wells  at, 41 

Bellevue  mine, 185 

Belgian  coal-field, 819 

Bellevue,  Lackawanna  county, 705 

Bell  magnetic  ore  mine, 666 

"   tunnel,  section,       848 

Belt  line  theory, 44 

<*  lines  and  surface  indications, 70 

Beltzhoover  borough, 163 

Belvidere,  N.  J.,  line  marking  gladal  epoch  at, 615 

Bennett  coal-bed,  where  mined, 868,372 

«      colliery,  operator  and  beds  worked  at, 368 

Bennett's  creek  anticlinal, 417 

Berlin,  A.  P.,  Survey  of  Lehigh  region  by, 847 

Bemice  anthracite  and  bituminous  beds, 818 

"      coal-beds,  identity  of  Lykens  valley  beds  with, 472 

<*      coal  softer  than  white  ash  anthracite, 466 

"       •*    properties  and  structure  of, 471 

"        **    basin,  report  on, 469 

*•        •*        "      no  accurate  surveys  of, 462 

**        "        "       progress  of  work  in, 272 

««      breaker, 466 

<•      mines.  State  Line  and  Sullivan  R.  R.  Co., 465 

"      mine  map  up  tb  February,  1884,   , 465 

"      and  Lykens  valley  beds, 805 

**      white  ash  coal,  character  of, 805 

Berwick,  Luzerne  county,  line  marking  glacial  epoch  at, 615 

"  •*  "        Susquehanna  river  at, 637 

Bethel,  triangpilation  station, 704 

Bethlehem  observatory, 706 

*•  Reformed  church, .'706 
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Bieberite,  found  at  Cornwall, 647 

Big  Hill,  Cornwall,  495 

"  *•         elevation  of, 491 

Bigley  mines,  ooke  produoed  at, 176 

Big  Traoy  ooal-bed,  analysis, 321 

Big  Rook  triangulation  station, 708 

Bismarok,  544 

Bisohof,  on  deposition  of  coal, 102 

*<     theory  of  conversion  of  bitumlnoos  to  anthracite, 819 

Bitumen,  no  vegetable  fibre  detected  in, ; 108 

**         not  found  in  horizontal  strata, 103 

Bituminousandoannel  coal,  difference  between, 114 

Black  Diamond  colliery,  elevations, 889 

<*  **  "         operator  and  beds  worked  at, 368 

««  "  "         wash  in  shaft, 644 

Blackspot  triangulation  station,        694,702 

Blaine,  James  G.,  coal  not  classed  as  pool  No.  8, 205 

*»  "         property  of, 211 

Blair  station,  P.  V.  &  C.  R.  R.,       159 

<*  Pin  Hook  anticlinal  axis  near,     160 

Blairsville, 167 

Blewltt,  Benjamin,  copper  ore  mined  at  Cornwall, 548 

Blue  mountain  and  New  York  triangulation  connected, 695 

Blue  ridges,  mention  of,       ' ...  283 

«  section  showing  structure  of, 281 

Blu  men  bach,  researches  on  the  origin  of  coal, 96 

Bly,  Tioga  county,  geographical  position  of, 706 

Bore-holes  at  Nanticoke,  positions  of,     629,683 

Bore-hole  records  withheld  from  Survey,     858 

Botryogen  found  at  Cornwall, 547 

Bowkley  ooal-bed,  where  mined, 868 

Boston  colliery,  operator  and  beds  worked  of, 868 

"  •<        elevations, 881 

**     Run  coLiery,  analjTsls  of  coal  and  ash  from, 822 

«*        «♦  «<  "         "   coals  from, 821,823 

Bowden,  J.  H.,  mining  engineer,  Susquehanna  Coal  Co., 628 

Bowman's  mountam, 459 

Boyd,  J.  Taylor,  on  copper  ore  at  Cornwall 549 

**  »*         statement  by,  551 

'<  "         superintendent  at  Cornwall,     518 

«*  ♦<         mention  of, 532 

Boyd's  Hill  well,  Pittsburgh 5 

"  ••  **  water  delivered  by, 662 

Boyd's  opening,  coal  at,     . , 186 

Boyer,  Jerome  L.,  letter  about  Cornwall  ore^     535 

Bradford  and  Allegheny  oil-fields,  decadence  of, i 

**        district,  gas  very  prolific  in,     31 

«•  ♦<        statistics  relative  to, 15 

**  "        general  description  of, 14 

Bradford  Fourth  oil-sand,  geological  position  of, 8 

'*         oil-sand,  horizon  of 16 


726  GEOLOGICAL  SURVEY  OF  PENN'A,  1885. 

Page. 

Bradford  oil-«and,  McEean  and  Elk oofl.,drilliogs  below, 8 

«  **  not  located  in  Germania  wells, 94 

Brady's  Bend  or  Washington  anticlinal, 102 

"  *•      arch,  fell  of, 49 

«  •(      axis,  fnll  of  water  going  north-east, 49 

«<  («      well  No.  I,  oil  and  gas  BtruoH  in, 68 

Bramwell,  Sir  Frederick,  mention  of, 809 

BrandywineSummit  kaolin-bed,  Delaware  CO.,       593 

«*  "  "         "     decompositionof  feldspar  bed  into,  .  .598 

«<  "  **       quarrjr  near  Elam, 572 

"  "  «<       pits,  map  of, 692 

*<  «  <<       works,  John  Griffen's  estate, 593,696 

"  ••  ««  "        plan  of, 612 

••  *<       Station,  P.  <fc  B.  C.  R.  R.,  elevation, 582 

Branner,  J.  C,  assistant,  date  of  service  of, 854 

'*  facts  on  pot-hole,  reported  by, 621 

Breokenridge  coal,  Kentucky,  stigmaria  found  in, 98 

Bridgewater  gas-field,  prospects  of, 40 

Britton,  J.  Blodget,  analysis  of  kaolin  by, 588 

Broad  run,  direction  of,    ...  574 

*<         limestone,  safely  taken  for  formation  No.  II, 576 

Brochanite  found  at  Cornwall,       547 

Brock,  Arthur,  analysis  Cornwall  ore, 584 

Brongniart,  researches  on  origin  of  coal, 9S 

Brookside  colliery,  analysis  of  coal  and  ash  fh>m, 822 

Brookville,  Jefferson  co.,  wells  drilled  at, 85 

Brown,  J.  Benton,  surveys  by, 462 

Brown'sSaltzburg  Works,  coke  produced  at,    .   .  •.  .176 

Brown,  W.  H.  d:  Son,  operating  Cornell  and  Werling  mine, 187 

Brownsville, 168 

Brush  ridge, 166 

Buccinum  undatum , 117 

Buchannon  well,  deepest  in  Pennsylvania, 7 

'*  **      compared  with  Fagundus  well.  No.  37, 7 

Buck  mountain  coal-bed ,  analysis  of, 318,821 

Buena  Vista,  anticlinal  near,      161 

*•  coal  opened  N.  W.  of, 198 

Buffon,  statement  as  to  origin  of  coal, 96 

Bull  creek  axis,  full  of  water  going  N.  E., 49 

('  gas-field,  developments  in,      87 

Buried  (Wyoming)  valley,  mine  accidents  from  working  into, 647 

**  "       areas, colliery  workings  approaching,  ....  647 

«*  **       description  of, 387,615,627,629 

**  **       north  edge  of,  developments  relating  to,  .  .646 

**  "       page  plate  showing, 688 

•«  "       report  of  Frank  A.  Hill, 687 

•*  "       work  of  ages  of  erosion, 637 

**  *•       between  Wyoming  and  West  Pittston,    ...  639 

Burns  gas-well,  Butler  and  Clarion  oil-fields, 84 

Burroughs  colliery,  operator  and  beds  worked  at, 868 

"  "         elevations, 389 
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Butler  belt,  recent  developments  along, 22 

**      county,  Thorn  creek  pool  In, 22 

Butler  county,  gas  producing  rock  in , 35 

*'     oil-field,  sands  and  rocks  developed  in, 8 

**      county,  pressure  of  gas  in, 89 

**      -Clarion  oil-field,  description  of,     21 

<*      and  Clarion  oil-fields,  many  extraordinary  gas  wells  in,  .  .....   84 

**      twp.  line  marking  glacial  epoch  through, 616 

Buttonwood  creek,  ....*. 689 

<•  shaft,  developitaents  at, 646 

Butzbach's-Buttonwood  anticlinal, 416 

«»  landing, 639 

Byssolite,  found  at  Cornwall, - 547 

C. 

Calcite,  found  at  Cornwall,      547 

Callender  gap,  pot-hole  in  vicinity  of, 619 

Cambria  Iron  Co.,  analysis  of  gas  by  chemist  of, 675 

Campbell  and  Bakewell's  mine, 218 

Campbell's  ledge  plant  bed, 490 

Canal  limestone,  occurrence  of,     445 

"  '*  cut  in  Dorrance  shaft, 447 

**Cannel  Anthracite,"  suggested  ss  a  name  for  bony  coal, 817 

Canpelton,  species  of  plants  obtained  at, 98 

Cannonsburg,  gas  from, 38 

**  gas  from  Homewood  sandstone, 38 

*<  gas  from  Venango-Butler  group,      88 

**  field,  progress  of  developments  in, 40 

Canoe  creek,  Indiana  county,  Snyder  well  on, 35 

Carbonic  acid  in  limestone,  determination  of, 539 

Carboniferous  age,  slate  beds,  .   .  447 

<(  •(    fossils  in  limestone  beds  of, 441 

•«  Wilkes  Barre  fossils, 460 

Carbon  ratio  versus  fuel  ratio, 302 

Cardium  edule^  found  in  France,     ■ 117 

Carll,  John  F.,  report  on  oil  and  gas, 1 

Carnegie,  A.,  consumption  of  fuel  at  Pittsburgh, 673 

'*  Murraysvi.le  gas  pressure, 666 

Carper  ore  mine, 544 

Carroll  twp.,  Washington  county,  elevations, 152 

Carr's  tunnel, 166 

Carruther,  re^tearches  on  the  origin  of  coal,     99 

Cashup,  character  of  oil  at, 63 

Castle  Rock,  Crum  creek, 571 

Uatskill  No.  IX,  in  Potter  county, 93 

**  Cave-in  "  at  Nanticoke,  description  of,    ...      627 

Cemetery  anticlinal,  description  of, 411 

'*  **  outcrop  of  Mill  creek  limestone,  along  crest  of,   .  .  .  447 

*<         basin,  description  of, 410 

Central  or  **  green  oil 'Mine  of  development, 62 

Centralia,  Mine  Sheet  No.  IV, 343 
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Oentreville  district,  pipe  line  to  New  Castle 85 

Cephalopoda,        .       .  467 

Ciiadd*8  Ford,  (P.  A  B.  C.  R.  R  ,)  elevation 682 

Cbaloedony,  at  Cornwall, 647 

Cbaloopyrite,  at  Cornwall , 646 

Chalybeate  springs,  from  bottom  of  No.  XII, 488 

Cbamb'erlain,  T.  C,  on  ore  bearing  olays,        691 

Chambers,  J.  C,  reoord  of  wells  received  from,      88 

Chamber  of  Commerce,  Pittsburgh,  report  on  g»fChy, 665 

Chance,  H.  M.,  fael  value  of  natural  gas,     .  .  .   .^ 676 

**  value  of  coals  to  consumers, 806 

<*  calculation  of  gas  quantities, 668 

Charlestown  mine, 108 

Chartiers  R.  R.,  elevations  along, 189 

**         twp.,  Allegheny  county,  elevations 148 

Chauncey  colliery,  operator  and  beds  worked  at, 368 

Cheat  river,  166 

Checker  coal-bed.  Pine  Ridge  and  Laurel  Run  collieries 892 

"  "  where  mined,       868,872 

Chemical  composition  of  Cornwall  ore,     681 

«•  ••  of  kaolin, 585 

'*        evidence  as  to  origin  of  coal, 100 

Chemistry  of  mineral  waters.  Dr.  Hunt,       689 

Chemung,  No.  VIII,  lifted  by  Savage  Mountain  anticlinal, 227 

Cherry  Grove  district,  oil  production  in, 18 

Cherry  ruu,  gas  spot  located  at, 85 

Chestnut  Hill  Iron  Co.,  use  of  Cornwall  ore  by, 685 

Chester  valley  limestone,     .  .  576 

Chickies  Iron  Co. ,  use  of  Cornwall  ore  by, 585 

Chonetea  MUlepunctata,     440,462 

Chrisman,  F.,  coal  opening, 486 

Chrisman  coal-bed,  section,       487 

ChrysoooUa  at  Cornwall,      647 

Church  coal-bed,  where  mined,    .  * 872 

Ciera  mine,  description  of, 197 

Claghorn,  Clarence  R.,  assistant,     854 

*<  <*  coal  specimens  obtained  by, 470 

**  **  Bernice  mine  map  examined  by, 478 

'*  "  assistant  on  Bernice  survey, 468 

Clarendon  pool, 17 

Clapp  well, 7 

*<  stra'a encountered  in, 17 

Clarendonand  Warren,  gas  piped  to,     38 

Clarion  belt,  gas  in  wells  east  of,         85 

"       county,  Cogley  run  oil-pool  in, 1 

"       oil-rocks,  Warren  and  Forest  wells, 17 

"       sands  in  Forest  oo. ,     17 

Clarksville,  18 

Classitication  and  composition  of  Pa.  anthracites, 800 

Clay  for  marL:et,  preparation  of, 611 

<*    percentageof  commercial,  obtained  from  mill, 604 
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Clay  remaining  on  Johns*  and  Griffin's  farms, 608 

"    bed  in  Delaware  and  Chester  oo^s, 694 

**    beds  of  New  Jerse J,  Delaware,  Maryland,  and  Virginia, 688 

<*    mining,  Brandywine  Summit  day-bed, 606 

*»    veinatEioher'spit, 200 

Clear  Spring  shaft, wash  out  in, 640 

Coal,  hypothesis  of  formation  of , 104 

**      in  England  composed  of  spores, 96 

*■     objections  stated  as  to  the  vegetable  origin  of, 97 

"     objections  answered  as  to  the  vegetable  origin  of, 97 

**     plate  showing  the  internal  vegetable  structure  of, 122 

«      problem  of  formation  not  ftiUy  solved, 101 

**      questions  in  considering  the  formation  of, 101 

**      the  vegetable  origin  of, 95 

*<     the  Vail  hypoth^s  of  origin  of, 103 

Coal-basins  in  Eastern  Middle  Coal  Field, 347 

Coal-beds,  average  thiclcness  on  Mine  Sheet,  No.  VIII, 891 

*<         conventionals  used  on  the  anthracite  sheets, 867 

"         identity  near  Ashley  and  Wilkes  Barre, 881 

•*         on  Kingston  Mine  Sheet,  No.  VII,  885 

**         names  differing  on  Mine  Sheet,  No.  VII, 887 

**         those  workable  under  the  Bennett  bed  on  Mine  Sheet  VI,    .  .  885 

*<         uncertain  nomenclature  of, 866 

«         variability  in  different  areas, 872 

Coal-bed  A,  (Bernioe  basin,) 466 

«•         «*    analysis, 469 

**         "    change  in  carbon  ratio, 471 

**         **    at  Heiss  opening,      467 

**         '<    unworkable,  in  Bernioe  basin, 469 

<<       in  Pottsville  conglomerate, 893 

»«        B,  Bernice  basin,        471,474 

"         "    commercial  value, 466 

"         "    Bernice  basin,  mined  by  S.Ii.<fcS.  R.R.  Co.,    ....     463,465 

*•         *•    Bernice  basin,  section  of, 474 

Coal  Bluff  mines,    .  .  159 

Coal  Flora,  reports  on  the, 120 

'*    gas,  variation  in  fuel  value  of,     676 

Coals,  grouping  into  ten  classes, 808 

Coal  measures  of  Anthracite  Region,  limestone  beds  rare  in, 488 

<'  *'       on  highest  summits  Loyalsock  and  Mehoopany  Fields,   .  .  461 

<«    vegetation,  interrupted, 120 

Cochran,  A.  K,  topographical  map  by, 846 

Cogley  Run  oil-pool,  Clarion  county,  opening  of, 1 

*<  **     oil  from  Venango-Butler  sand, 22 

"        well 25 

Coleman,  W.  <fr  R.  W.,  copper  sold  from  Cornwall  by, 549 

*<        R.  W.  <&  W.  and  R.  <fc  G.  D.,  owners  of  Cornwall  mine,    ....  550 

Coleraine,  Nos.  1  and  2,  collieries,  analjrsis.  Mammoth  bed,     814 

"  «•  «•  •«        Wharton  bed, 814 

Colket  colliery,  analysis  of  coal  and  ash  from, 828 

Collieries  on  Northern  Coal-field  mine  sheets, 868 


730  GEOLOGICAL  SUBVEY  OF  PENN'a,  1885. 

Pafrc 
Colamnar  Bttnctare  of  ooal  measares  in  Northern  Coal  field,   ....  421 ,423 

Coromiflricnera,  Board  of, 347 

Composition  of  Bemioe  ooal, 476 

**  of  Pennsylvania  anthracitea, 307 

Compreased  air  looomotive,     216 

Compreaaor  at  Cornwall, 558 

Confusion  in  identification  of  oU-aands,     67 

ConnellsYille  sandstone,      179,212 

Conglomerate,  oil-well  wild  oatting  oansed  by, 44 

Congress,  appropriation  for  triangnlatlon  by, 688 

Conner  colliery,  analysia  of  coal  and  asti  from, 322 

Conodoguinet  creek,  slates  exposed  along, 541 

Con3rngham  anticlinal, 411 

**  colliery,  operator  and  beds  worked, 868 

"  *<         elevations,      395 

*<  shaft,  limestone  outcrop  near, 447 

••  "     section,       483 

"  «     synclinal, 412 

Cook,  Professor  G.  H.,  clay  beds  described  by, 583 

Cooper  coal-bed,  called  Four-Foot  east  of  •*  Harry  E.'^  colliery,    ,  .   .  .  .  885 

«•  rapid  thinning  of,      885 

<*  Northern  Coal-field, 868,372 

district,  ice  in  oil-wells, 33 

oil  pool,  rise  and  fall  of, 1 

T.,  notice  of  mineral  by, 655 

tract,  oil  production  on, 18 

Copper  In  Cornwall  ore, 548 

'•         Middle  Hill,  Cornwall, 512 

Cornell  and  Werling  mine, 187 

**  **  section  of  coal-beds  at, 188 

Comen  gas  pool,  strong  and  lasting  wells  in, 83 

Cornwall  ore,  504 

"         ••    cost  of  mining, 552 

••         •«    dlfliculty  in  working  the, 585 

•<         "    mining  of,  549 

"         **    part  of  sedimentary  formation  of  Lebanon  limestone  valley, 589 

«         «    regular  stratified  formation, 504 

««         "    thickness  of,    .  506 

'<       Ore  Bank  Co.,  grade  of  ore  mined  by, 534 

**       ore  mine,  cross  sections  of,    ....      506 

**  **  Lebanon  county,  report  on, 491 

"  "  map  showing  location  of, 492 

<'       and  Mt.  Hope  R.  R. 491,525 

*<       slates,  lime  slates  spoken  of  as, 540 

Coulterville  pit,  Pittsburgh  bed  opened, 197 

Courtney  station,  P.  V.  A  C.  R.  R., .^ 168 

Covelite,  found  at  Cornwall, 546 

Coxe,  Eckley  B.,  assistance  afforded  Survey  by, 352 

Coxton  branch,  L.  V.  R.  R.,  bore-hole  north  of, 641 

Craft  pit, 164 

Cranberry,  Yenango-Butler  group  south-west  of, 4 
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Cranberry  twp.,  gas  found  in*, 4 

Crawford's  olay,  uaed  for  tire-briok, 672 

**  kaolin  works,        671 

"  Delaware  oounty,  liaolin  at, 578 

Creighton  plate  glass  works,  . ' 88 

Cresson,  Dr.  Charles  M.,  analyses  of  anthracite  ooai  and  ash  by, 822 

Crinoidal  limestone, 180 

**  •*  key  to  geological  strncture  of  oil-regions, 4 

Cross  creek  twp.,  Washington  county,  gas  in  wells  sunk  in, 26 

Crossland  coal, * 185 

Cuba,  gas  from  Allegheny  gas  district  piped  to, 81 

Cuprite,  found  at  Cornwall,    .' 546 

CjfperacecBt '.  .  .  .  649 

Daddow*s  coal  openinR, 487 

Daggert's  lower  coal  pit, 199 

'<         upper  coal  pit, 199 

Daubre6,  cause  of  rock  metamorphism, 819 

Dauphin  triangulation  station , 695,705 

Davidson,  G.,  results  of  angle  measurements  on  U.  S.  C.  d:  G.  S., 692 

Dawson,  Sir  James  W.,  origin  of  coal,  99 

**  •*  vegetable  structure  of  coal, 128 

de  Bomarre,  Valmont,  belief  as  to  origin  of  coal , 96 

Debray,  M.  H.,  section  of  peat  bog, 116 

Delamater  gas  well,  Butler  and  Clarion  oil  fields 84 

Delano  mine  sheet,  (No.  I,)  area  of, 889 

•«  «•  «*        beds  worked  on, 838 

Delaware,  feldspar  rock  quarries, 572 

**         water  gap,  Kittatinny  mountain, 282 

*'        and  Chester  counties,  streams  in, 571 

•*  •«  «         kaolin  deposits,  general  considerations  of,571 

**  <*  oounty  rocks,  kaoiinization  of, 577 

**        A  Hudson  C.  Co.,  first  shipment  of  coal  by, 278 

"  *'  '•        collieries,  elevations  at, 381 

**         Lack.  A  West.  R.  R.  Co.,  bore-hole  records  withheld  by,    ...  358 

Delesse,  analysis  of  aibite, 58d 

Denmark  governmental  surveys 692 

Departement  du  Nord^  peat  dug  in, 116 

Derrick  band-book,  statistics  of  Bradford  oil  district, 15 

Dewey,  Prof.  F.  P.,  plan  for  testing  coals, 809 

Diamond  colliery,  operator  and  beds  worked, 368 

**        shaft  colliery,  elevations  at, 894 

Dillsburg  magnetic  ore  mines, 569 

••  "  ♦«     beds, 569 

*'  <•  <•     confined  to  Triassic  formation, 569 

d*Invilliers,  E.  V.,  report  on  Cornwall  ore  mines, 491 

"  C.  S.,  section  at  Loop  Run  opening, 259 

Discina  convexa, 452 

Dismal  swamp,  peat  deposits, 106 
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Dodson  oolliery,  operator  and  beds  worked  at, 868 

"  "       elevations  at,        880 

Doolittle,  C.  L.,  location  of  Wilkes  Barre, 861 

Doppler,  paper  read  before  Vienna  Academy, 662 

<*Dopplerite"  from  Soran ton, 616 

Dopplerite  not  yet  discovered  in  America, 664 

Dorranoe  colliery,  operator  and  beds  worked, 868 

"  "  elevations,        896 

*'  shaft.  Canal  limestone  bed  oat  in, 447 

"  "     Joe  Gibbs' coal-bed  cut  in, 445 

Downthrow  fault,  Cornwall  ore-mine, 629 

Draper  colliery,  analysis  of  Mammoth  and  Primrose  coals, . 316 

DravoB  country  pit,  Pittsburgh  coal-bed  opened, 197 

Dresser,  8.  R.,  opinion  on  gas  pressure, 663 

Driflon  basin,  depths  of  points  in,    .  .   .  .' 286 

**       Mine  Sheet  Na  I,  coal-beds  worked  on, 849 

'*  **       **  *<       sections  at  Drifton  and  Lattimer, 849 

<*       and  Hazleton,  maps  restricted  to  vicinity, 847 

Drills,  IngersoU  rock,  used  at  Cornwall, 657 

Drummond  lake,  Virginia,  formation  of  bottom, 108 

Dry  run  mine,  elevation  Pittsburgh  coal-bed, 218 

DuBarry,  J.  N.,  Tipton  report  furnished  by, 265 

Duncan,  Cornell  and  Werling, 187 

Duncannon,  Perry  county,  Pocono  coal, 264 

Dundee  shaft,  fossils  from, 448 

"         "       high  coal  measures  cut  in,     378 

Dunkard  creek  oil  district,  28 

"       twp.,  Greene  co.,  elevations,     154 

DunningsvUle,      .  ...  165 

Durham  and  Reading  hills,  triangulation  stations  on,     693 

E. 

Eagle  Hill  colliery,  analysis  of  coal  and  ash  from, 828 

Eagle  Nest  mine,      .  196 

East  Bethlehem  twp  ,  Washington  CO.,  elevations, 158 

East  Boston  colliery,  elevations,      ....  399 

"  **         operator  and  beds  worked  at, 869 

**  *<         Ross  and  Red  Ash  beds  cut  at, 886 

East  Franklin  colliery,  analysis  of  coal  and  ash  from, 328 

East  Pike  run  twp. ,  Washington  oo.,  elevations, 152 

Eastern  Middle  Coal-field  Atlas, 347 

*♦  ♦•         extent  of, 275 

"  "         report  on, 849 

"  «*         sections  in, 291 

••  "         structure  of,     284 

•*  •'         survey  of, 347 

*•  **         known  as  Upper  Lehigh  region , 847 

Eaton  colliery,  pot-holes  at, 617 

•*       Knob,      469 

Ebervale,  No.  2,  colliery, 814 
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P»ge- 

Edgemont, ^^^ 

Edmundson  mine, ^^ 

Edinboro',  geographical  position  of, 706 

Eiohers'  pit,   .   .       1^® 

Blam,  Concord  twp.,  Delaware  oo., 572 

Elevations,  Allegheny  oo., ^^ 

"  ••  railroad, 140 

Anthracite  regions,     281 

Berniceooai  basin, ^^ 

B.  <fc  O.  R.  K. ,  accuracy  of, 127 

««  "  Pittsburgh  division, 131 

••  ««  Wheeling  division, 137 

•«  Chartiers  railroad, 189 

««  P.  4k  C.  R.  R.,  Fayette. branch, 133 

««  "  Mt,  Pleasant  branch, 183 

"  Pittsburgh,  Cincinnati  &  St.  Iiouis  R.R., 138 

•«  Pittsburgh,  McKeesportik  YoughioghenyR.  R., 134 

«•  Pennsylvania  R.  R., 128 

"  P.  R.  R.,  Monongahela  division, 136 

•«  South- West  Pennsylvania  R.  R., 120 

«»  West  Penn  R.  R., 141 

••  Youghiogheny  R.  R., 131 

««  Fayette  CO., 156 

«•  George  twp. ,  Fayette  oo., 166 

««  Jefferson  twp.,        "  166 

««  Luaseme  twp.,        "  166 

•«  Nicholson  twp.,     "  167 

"  Spring  HUi  twp.,  **  168 

««  Washington  twp.,  »*  166 

««  Greene  co., 163 

««  Monongahela  twp..  Greene  co., 163 

•«  Washington  co., 161 

«*  Allen  twp.,  Washington  co., 162 

"  Carroll  **  "  •*      162 

«  East  Bethlehem  twp.,  Washington  CO., 163 

it  <»     Pike  run         •*  *•  *'       162 

«*  Nottingham  ••  **  "       161 

•«  Peters  "  **  "       161 

"  Union  •*  "  **       160 

«*  Westmoreland  co., 164 

*«  North  Huntingdon  twp.,  Westmoreland  CO., 166 

"  Roetraver  *•  "  ** 164 

"  Sewickley  "  «*  •' 166 

on  Mine  Sheet,  No.  VI,  N.  C.  F., 383 

ti  «»  «•        "   VIII,       '•  893 

**  pools  in  Monongahela  slack  water, 136 

*•  in  Pittsburgh, 180 

Eleven-foot  coal-bed,  Maltby  colliery, 885 

Elizabeth,  Allegheny  co.,  river  mines  near, 169 

twp.,        "         127,187 

««  *•  »*       elevations, 148 
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Elk  00.,  oil-«ttad 16 

**    moantain,  Sasquehannaoo., 461 

**    and  McKean  oob.,  drillings  below  Bradfoni  oil  sand, 8 

*•    oa  oil-weli9 16 

*'    triangolation  station, 697,705 

Ellangowan  colliery,  analysis  of  ooal  from,    ....      821 

**  and  Indian  Ridge  oMlieries,  section  of  coal  measures  at, .  .  .  341 

Ellerslie,  Hre-briok  works  near, 247 

**         James  Gardener,  fire-brick  works  at 247 

Elmwood  colliery,  analysis  of  coal  and  ash  from, 822 

Emerged  bogs,  formation  of 113 

Emery,  Titus  S.,  information  from, 259 

<*  *'       samples  selected  by, 264 

Emlenton  and  Scrub  Grass,  oil-belt  between, 78 

Empire,  No.  2,  colliery,  elevations, 382 

**  **  **         operator  and  beds  worked  at, 869 

Empire,  No.  4,  colliery,  elevations,     894 

**  "  **         operator  and  beds  worked  at, 869 

*•  **  *'        section  inside  tunnel, 481 

•*        basin,     413 

Engineering  and  Mining  Journal,  Nanticoke  accident  described, 627 

**  **         prices  of  gas  quoted  from, 678 

**  **  '*         statement  on  Murraysville  gas  wells, .  .666 

Enterprise  colliery,  elevations, 889 

**  **         operator  and  beds  worked  at, 369 

**  *»         workings  of, 639 

Erie,  geograpliical  position  of, 706 

*'    gas-wells, t 88 

Emhout  &  Taylor  well,  record  of, 668 

Espy  run  antlcUnals, 419 

Eumierotia  Hawni^ 465 

Exeter  shaft,  depth  of  cribbing  in, 640 

Fagundus,  character  of  oil  at, 68 

**  well  No,  87,  depth  of, ' .  .     7 

'*  *'        **       slates  and  shales  in, 17 

Fairview  gas  well,  Butler  and  Clarion  oil-fields,  . 34 

Fairfield,  G.  A.,  triangulation  by, 693 

Farley  and  Wilson  oil  well,  lime-saad  in, 222 

"       ««  "      **       "    limestone  in, 222 

Fault  at  Cornwall, 496 

Fayette  anticlinal, 166 

•*      branch,  P.  dkC.  R.  R.,  elevations  on, 138 

*•      county,  elevations, 166 

Fechtlg,  Dr.,  Wellersburg  oil-well  record, 229 

Feldspar  bed,  kaolin  derived  from  decomposition  of, 598 

<<       into  kaolin,  rate  of  change  unkuown, 688 

**       and  kaolin  beds,  Chester  co.,  strike  of, 576 

'•         <*         <*     belt%  Delaware  CO.,  strike  of, 676 
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Fell,  Judge,  anthradte  first  ased  in  house  of, 278 

Ferriferous  limestone,  key  to  oil-rej^on  geology, 4 

Fetterman  oil-well,  large  gas  producer, 41 

Flnley,  C.  B., 259 

Finleyville, 164 

Fire  Island,  triangulation  base  line,       .  .  .      ^ 688 

First  geological  survey, 279 

«*  **  "      numbers, 287 

"    report  anttiraoite  survey,  reference  to, 269,  291 

<<         **  .'*  **       analysis,  McCreath,  reference  to, 824 

««         «*  «»  "       analyses  in 317 

Fish  island,  channel  out  in  river  at, 646 

Fish-pot  limestone  horizon, 178 

*«      *»  "       Pierce's  fork,  Howell's  creek, 194 

Five-foot  coal  bed,  location  of, 887 

«•       *•    **       *•    where  mined, 868,372 

First  oil  fiand,  Butler  CO.,  gas  from 35 

Fish  Island,  bend  of  Susquehanna  river, 689 

First  oil  sand,  oil  from,     68 

"     »•     •«      traced.  Oil  creek  to  Bullion. 8 

<*    and  Second  sands,  no  oil  produced  along  center  of  belt, 68 

**    Second,  and  Third  sands  of  Oil  creek, 28 

Finney  coal-bed 201 

Flatwood  P.  O., 166 

Flick,  W.  J.,      354 

Fioraof  coal  period,  plants  composing  the, 118 

Foliated  micaceous  hematite,  Cornwall, 546 

Ford.  S.  A.,  report  on  theoretical  value  of  gas  by 673 

Ford  A  Nelson,  gas  developments  by, * 37 

Forestand  Warren  COS.,  oil  pools  m, 1 

Forkston,  Mehoopany  coal-field 486 

Formations  of  Middle  and  Western  Penn., 119 

Forney,  Charles  B., 651 

*'  **       **    cost  of  ore  and  iron  at  Cornwall 554 

Forty  Fort  colliery,  buried  vaUey  at, 643 

•'         •*  ••        elevations  at, 390 

"         •*  "       operator  and  beds  worked  at 369 

Forward  twp.,  Allegheny  CO.,  description  of, 127,204 

**  ••    section  in, 205 

"  •*    no  railroads  in, 205 

**  *«    elevations  in, 148 

Fossils,  Wyoming  Valley  limestone-beds, 460 

*•      from  Dundee  shaft,      448 

*•      Wilkes  Barre,  list  of , 461 

Foster,  Prof.  William,  experiments  on  composition  of  coal, 308 

Foster,  William,  limestone  outcrop  reported  by, 258,259 

Four  foot  coal-bed,  where  mined, 368,872 

**        •*  *•       Wyoming  colliery, 892 

Franklin  colliery,  elevations  at, 383 

"  ••       operator  and  beds  worked, 369 

••       overturn, 400 
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Franklin  slope  anticlinal 414 

Frazer,  Dr.  Persifor,  ooal  olafnilloation  of 301 

•<       "         •*       dipH  in  Chester  CO.,  recorded  by, 677 

"        **         *'       explanationof  gentle  dips  in  feidspathio  rooks,  .  .  .577 

Free  burning  white  ash  ooal,  definition  by  Joseph  S.  Harris,     804 

Freeport, 167 

*'       gas  deposits, 86 

Friendship,  gas  from  Allegheny  district  piped  to , 81 

Frtlh,  researches  on  the  origin  of  coal, 99 

Fuel  ratio  versus  carbon  ratio, 802 

* «       *•    explanation  of, 801 

**    value  of  coals,  tests  proposed,     809 

II       li      «    penna.,  anthracites,  difTerenoes  in, 808 

Fuller  Coal  Company's  property,  bore-hole  on, 641 

**      colliery,  crevice  cut  in  inside  slope.     642 

'*  *<       operator  and  beds  worked  at, 869 

**  "       elevations  at, 300 

Furnace  creek,  elevation,     494 

**  *'       location  of  trap  along, 499 

**       colliery,  analyses  coal  and  ash  from,       322 

Furnaces,  list  of,  within  twenty  miles  of  Cornwall, 653 

G. 

Gabby  oil  well,  Washington  county, 26 

«         **  Gantzsandln,      27 

Gabel  iron  mines,  Boyertown,  *<  horses'' of  rock  at, 511 

Gantz  oil-well,  Washington  county,  dats  of  oil  strike^ 26 

«•       **     "      '       **  »«        limestone  in, 222 

*<        '*  sand,  struck  in  Gabby  well, 27 

Gardner's  three-cylinder  engine,     245 

Gardner  pit.  coal  opened  at, 214 

Gas  City  and  East  ttondy,  waste  of  gas  at, 34 

<*  from  old  peat  deposits, 119 

'<  in  Pennsylvania,  found  in  sand-beds, 51 

'•   pressure  at  well 665 

'*  sand  in  Pittsburgh  welJs, 10 

**      <*     I)osition  in  Thorn  creek  district, 8 

*«      «*     Thorn  creek  district,  identity  of , 8 

*<  stock,  exhaustion  of,  671 

■<   ** streaks"  common  throughout  oil-regions, SO 

»'  to  oil,  relation  of,     80 

"  waste  of, 667 

*'  wells,  greatest  known  pressure  in , 668 

**  works  (Wilkes  Barre)  basin, 411 

Gates  drift,  bed  opened , 262 

**  section  at, 262 

Gaylord  colliery,  operator  and  beds  worked  at, 869 

»•  "        elevations  at, 880 

Genth,  Dr.  F.  A.  analysis,  kaolin, 588 

trap  rock, 497 
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Genth,  Dr.  F.  A.,  orystals  of  magnetio  iron  found  in  brown  hematite  ore,  .  515 

**  desoription  Cornwall  minerals, 546,548 

**  ores  described  in  T^,  p.  892,      . 531 

Geography  of  anthracite  region, 275 

Geology  of  petroleum,  ...      54 

"  **         reoapituiation, 75 

>7  Geological  facts  (in  oil  regions)  to  be  noted, 81 

^  *'         Survey,  purposes  as  to  special  examinations  of  coal-beds,      .  .  366 

31  George's  twp.,  Fayette  county,  elevations  in,      156 

^  Germania  Oil  Co.'s  test  wells,  location  of, 84 

fii-:  •*  «'  wells  drilled  by, 83 

Geyser  well,  Sargeant  pool,  Report  R.,  p.  244, 31 

Gies,  France,  fragments  of  coal  plants  found  near, 95 

Gil berton  colliery,  analyses,  coal  and  ash, ...   .315,322 

Girard  College,  Philadelphia,  position  of, 705 

**      colliery,  analysis  of  coal  and  ash  from, .322 

Girardville  Mine  Sheet,  No.  Ill,  area  of, 341 

'•  **  *'        coal-beds  worked  on, 342 

*«  «*  •*        description  of, 341 

Girtie'srun 163 

Glacial  epoch,  description  of  line  marking,     615 

"      geology  studied  by  Survey,      617 

Gladden's  run,  section  on,  229 

Glendower  colliery,  analyses  of  coal  and  ash  from,        323 

Glen  Mills  gneiss  belt,  line  of  axis, 571 

**         Chester  creek,  reference  to, 571 

Godfrey  &  Clark's  paper-mill ,  38 

Goep pert,  cellular  structure  of  coal  seen  in  ash, 123 

Golding,  Mr.,  systemof  day  minlDgat  liockessin,      609 

Golding's  old  clay  mill, .   .  693 

Gordon  oil  well,  Washington  county,  oil  from, 11 

"  •*  »*  "  production, 26 

Gore  Brothers,  anthracite  first  used  in  Pennsylvania  by, 277 

Gormley's  country  pit, 164 

Governor  of  Pennsylvania,  request  in  regard  to  triangulation  of  State,      .  693 

Governor  Dick  triangulation  station .  695,701 

Graff,  Bennett  A  Co.,  gas  developments  by, 37 

Qrammyaia  (Sp.?) 442,457 

Grant  <fc  Horton's  tannery,  Ridgway,  well  near, 32 

Grape  ridge, 166 

Grapevine, 166 

**  dry-gas,  analysis  of, 677 

Grassy  liill,  Cornwall,  description,  513 

*•         elevation  of, 491 

**         dyke,        501 

Great  limestone,  near  Round  Hill  church, 194 

**     Britain,  results  of  angle  measurements  In,     692 

Greene  county,  elevations  in , 153 

Green  Oak  mine,  same  as  Eagle  Nest  mine, 196 

Greensburg  basin,  same  as  Lisbon  synclinal, 168 

Greenwich  meridian  used  by  Coast  and  Geodetic  Survey, 682,707 

47 
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Greenwood  ooiliery,  Tamaqua,  coal  from, 291 

Griffin  farm,  Delaware  oounty,  explorations  on, 594 

limestone-beds  not  found  on, 602 

lands  oumprising  the, 606 

Griffith,  William,  assistant,  Bernioe  surrey, 463 

Group  of  oil  sands,  the, 64 

Grub b,  Ed w.  B.  A  Clement,  Cornwall  mines, 650 

Grubb's  new  bore-hole,  wash  at, 494,528 

Guffey's station,    ....  168 

Gumbel,  researches  on  origin  of  coal, 99 

Gumpert,  Hewey  &  Co.,  BeileYue  mine, 185 

Gypsum,  found  at  Cornwall ,         548 


i« 


Hack  lebamey  tunnel,  thiclKness  of  strata, 294 

Hackley,  Col.  C.  B.,  pot-hole  on  land  of, 617 

Hague  or  Sheffield  well,  remarkable  history  of, S2 

«*  •*  "     Sheffield  gas-pool  discovered  by, 32 

*<       well  sand,  well  at  Bamesville  in, 33 

Hfignetswyll,  Switzerland,  peat  from, 654 

Halberstadt,  Baird,  work  in  Northern  coal-field, 354 

**  '<     assistant  on  Bemioe  surrey, 463 

Hall,  Prof.  James,  section  near  Wellersburg, 229 

Hanover  government  survey,  results  of  angle  measurement  by  Gauss,  .  .  692 

Hanover  Green  anticlinals, 415 

•«        '^Hogback,"  .       416 

Harden,  K  B.,  Sullivan  county  survey  by, 486 

*»  *•      map  of  Bernioe  basin  by,     468 

*«  *'      modelof  Cornwall  mines  by, 491 

•«  •*      report  on  Wellersburg  tire-clay  by, 239 

Harden,  O.  K,  field  work  in  Eastern  Middle  Field, 847 

•*  •*      assistant  in  Northern  Field, 354 

**       F^  &  O.  B.,  model  of  Western  Middle  Field  by, 840 

Harman's  summit,  Pittsburgh  bed  in,  236 

Harris,  Joseph  8.,  defines  characteristics  of  coals, 304 

*<      Stephen  and  Joseph  8.,  map  made  by, 345 

Harrisburg,  capitol,  position  of, 706 

Harrison,  Potter  county,       706 

Harrisville  district,  gas  leases  in, 85 

Hartley,  F.  W.,  experiments  with  coal-gas, 677 

**HarryE."  colliery,  bottom  bench  Baltimore  bed  worked, 385 

**  <*         operator  and  beds  worked  at, 369 

"  **         elevations,      390 

**  shaft,  anticlinal  in  slope  at, 405 

••  "      wash  in,  .  .   .  , 643 

Harrison  township.  Potter  county,  oil-well  in, .88 

Hartford,  No.  6,  colliery,  operator  and  beds  worked  at, 869 

Hartz  mountain,  bouLdeis  covered  with  moss, 113 

Harvey  O'Neill  mine, 211 

Harvey's  run,  shaft  for  kaolin  on, 599 

•*        gas  weU,  history, 86 
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Hammond  oolliery,  anaLjsis  of  ooal  and  ash  from, 322,  823 

Hanover  bore-hole,  seotion, 376,  426 

*<       No.  17,  oolliery ,;operator  and  bed  worked  at, 369 

"  **  "       elevations, 376 

Hard  white  ash  ooal,  J.  S.  Harris'  definition, 304 

Haupt,  Prof.  L.  M.,  resignation  from  triangulatlon  survey, 694 

(*  **        "       triangulatlon  in  Pennsylvania  by, 693 

Hayoook  triangulatlon  station,  geographical  position  of,    ......  699,  703 

Haymaker,  No.  1,  oil  well,  Murraysville  district, 37 

Hazelton  basin,  depth  of  points  in,  ...   .  285 

**       Mine  Sheet  No.  II,  coal-beds  worked  on,    ....       350 

•*  *•  "  topographical  survey  on, 351 

Hazleton,  coal  quarried  in  vicinity, 297 

Hebron,  oil-well  drilled  at, 83 

Heilprin,  Prof.  Angelo,  report  on  Wilkes  Barre  fossils, 441,  450 

"  **  **     drawings  of  fossils  made  under  supervision  of,  .  .443 

Heifs  o|>ening,  coal-bed  A  opened  at,     467 

Henderson's,  J.  R.,  upper  pit  section, 199 

»*  *«      lower  pit  section, 199 

Henry  anticlinal, 407 

••     basin, 407 

"     overturn, 400 

**     colliery,  operator  and  beds  worked  at, 369 

••  «•        elevations, 388 

•<  "       workings  of, '  .  .  639 

"     and  Wyoming  fault, 408 

Henry's  mill  oil-pool, 1 

Hickory  district,  gas  from  Homewood  sandstone,  .       . 38 

**  **       gas  from  Venango-Butler  group, 38 

<*  "       gas  supplying  Pittsburgh  from, 38 

Hill,  Frank  A.,  placed  in  charge  Northern  coal-field, 353,  354 

**  **  Dorrance  shaft  section, 445 

<*  *<  location  of  fossiliferous  slate  in  Dundee  shaft  by, 448 

<t  **  reconnoisaance  of  Mehoopany  coal-field  made  by,     ....  486 

*'  **  notes  on  Mehoopany  coal-field  by, 486 

»*  *•  description  of  buried  Wyoming  Valley, 637 

"  *•  mineral  found  by, 648 

Hilldale,  Washington  county, 160 

"         mine,  level  of  coal  at,     160 

Hillman  colliery,  operator  and  bed  worked  at, 369 

•*  **        elevations,  397 

<*       coal-bed,  place  of.  Mine  Sheet  No.  VII, 387 

''       coal-bed  or  H.,  where  mined, 868,372 

"       vein  oolliery,  operator  and  bed  worked  at, 369 

"       vein  shaft,  coals  cut  in, 391 

**       and  Mills  coal-beds,  workings  at  Nanticoke  in, 629 

Hillsboro'  and  Rose  Valley  Mills,  schists  of  Delaware  county  at, 571 

Hirsholm  and  Waldmarsland,  peat-bogs  between, 109 

History  of  anthracite  region, 277 

<*       mining  at  Ck>rn wall, 563 
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Hite  Gas  Company, 667 

**  <'  wasting  gas  from  Bull  oreek  Held, 88 

Hockeasin  olay,  analysis  of,     587 

Hodgson's  ooal  pit, 164 

HoUenbaok  air  shaft  anticlinal,     412 

**         shaft,  analysis  Baltimore  bed, 814 

*<         oemetery,  limestone  outcrops  hear, 445 

HoUen back  colliery,  operator  and  bed  worked 869 

'*  *'         elevations  at 894,897 

**         dam,  limestone  outcrop  near, 448 

Home  wood  district,  gas  to  Pittsburgh  from 38 

**         gas  from  Venango-Butler  group, .88 

*'         sandstone  in  McGuigan  well, 40 

•*  "         gasfrom S8 

Honey  Pot  tunnel  anticlinal,         419 

Hoosac  tunnel,  demoralized  rock  from, 578 

Hopkins,  James  H.,  ooal  land  owned  by 195 

Horner  A  Roberts  mine,  206-211 

'*  *'         classification  of  coal 205 

Horse  Shoe  Chain,  precision  of  work  in, 694 

Howell.  W.  G.,  ooal  land  owned  by, 195 

Howellville, 671 

Hull,  E.,  memoir  on  peat-bogs, 120 

"Hundred-Foot  Rock,"  Thorn  Creek  oil  district 8 

'  **  **       same  as  Butler  First-sand, 8 

Hunt *s  law  of  relative  gravity,       . 585 

Hunt,  Dr.  T.  Sterry,  Uoosac  tunnel  rock  described 578 

**  **  *' chemical  essays," 590 

Hunter  mine, 188 

Hutchison  coal-bed,  where  mined, 870 

Hutton,  cellular  structure  of  coal , 128 

Hyde  Park,  geographical  position  of, 705 

Hydrocuprite,  found  at  Cornwall, 546 

I. 

I,  Kidney  or  Bowkley  coal-bed,  where  mined, 868 

Idlewood  hotel, 164 

Immerged  bogs,  growth  of, 118 

Indiana  axis 167 

Indian  Ridge  colliery,  analysis  of  coal  and  ash, 321,822 

Ingham,  Dr.  Charles  F.,  fossils  collected  by, 489 

Iron  ore  mines.  liObanon  CO.,  report  on, 491 

Iron  pyrite,  found  at  Cornwall, 546 

Irwin  basin 168 

Irwin's  station,  P.  R.R., 168 

J. 

J,  Seven-Foot  or  Abbott  coal-bed,  where  mined,     868 

Jack's  run,  erosion  by, 161 
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JaokBon  Air  shaft  Beotion, 468 

»*.      drift,  the  old, 467 

'<       estate,  Sullivan  oo 461 

**       mine,  Jackson  estate, 465 

"  **      section  of  *ooal-bed  B, 472 

**  **     speoimen  for  analysis, 818 

**        and  Abbot  twps.,  Potter  00.,  oil  borings  in, 82 

Jamestown.  N.  Y.,  gas  from  Sheffield  piped  to, 88 

Jeddo,  Nos.  8  and  4,  collieries,  analysis  coal-bed  at,     814 

Jefferson  twp.,  Allegheny  CO.,  elcTations  in, 146 

•«  **      Fayette  CO.,  "         " 166 

Joe  Oibbs'  coal-bed.  Mill  creek  limestone  beneath  the, 445 

»*  ••         reported  outcrop  of, 447 

Johns,  H.  A.,  analysin  of  kaolin, 588 

'<  kaolin  bed  worked  by 601 

'*  opinion  on  quantity  commercial  clay, 590 

"  production  of  clay, 606 

*'      farm,  kaolin  pit  on, 508 

*»         *«      section 600 

Jones,  Edward,  description  of  pot-holes, 617,622 

*<      J.  E.,  superintendent  Old  Eagle  mine. 217 

**      John  H.,  colliery  list  and  tonnages 802,826 

"      Simpson  A  Co.,  pot-holes  discovered  by, 617 

'*      A  Langhlin  gas  well,  gas  from, 88 

Johnson.  Prof.,  researches  in  value  of  coals  by, 808 

Juflsieu,  opinion  on  plants  found  at  Gies 95 

K. 

K,  coal-bed,  where  mined, 868 

Kada,  Telichi,  connected  with  Northern  Coal  Field  Survey, 854 

Kane  City,  heat  and  light  supplied  by  gas  wells, 82 

Kaolin,  amount  on  Griffin  farm, 605 

*'       on  Johns  farm,  no  estimates  made  of, 605 

"       use  of, 618 

**        bed  in  Delaware  co.,  report  on, 692 

•*  »•    on  Griffin  farm,  section, .695 

**        clay,  composition  of, 576 

<*  **     Birmingham  twp.,  depth  of, 582 

Kaolin  deposits,  Delaware  and  Chester  cos., 571 

"      Chestnut  Ilill  and  Nottingham,  analysis  of,^ 588 

**    'Landenberg,  clay  and  quartz  fhigments  from, .573 

Kennel's  mill,  elevation  of, 288 

Kennett  Square  limestone,  formation  No.  II, 576 

Kennet's  mill,  coal  in  hills  near.      286 

Kent,  William,  fuel  question  studied  by, 808 

Kent  island,  triangulation  base  line 688 

Keyesft  Calhoun  coal,  description, 185 

Kidney  coal-bed,  where  mined, 868 

Kingston  colliery  shaft, 886 

**       Nos.  1  and  2  collieries,  operator  and  beds  worked 870 

**       collieries,  elevations  at 389 
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Kingston  flats,  aliaTial  drift  on 387 

*■        Mine  Sheet  No  VII.  description  of. 38i 

••  ••       "        •*      •*    coal  beds  mined  on, 884 

**        No.  8  stiAft,  section  of, .^ 432 

Kinzna  oil-pool,  Warren  co.,  opening  ot, 1 

Kittanning.  gas  well  near, 86 

"  moantain.areaof  maximam  dliturt>anoe, 283 

*'  '*       boldest  topographical  feature  in  State 282 

Klaproth,  analysis  of  peat  material  by, 117 

Knickerbocker  colliery,  analysis  of  coal  and  ash, 322 

Knight  shaft,  wa«h  in, 640 

Knob  triangnlation  station,  geographical  position 697,706 

Kohinoor colliery.  analjTsis  of  coal  from, 315 

Kramer  A  Hart.  Laarel  Run  coal  bank 263 

Kuntze,  Dr.  Otto,  opinion  on  formation  of  cjal, 101 

1.. 


Labradorite,  in  feldspar  rocks,      585 

**         Vanaradale  quarry,  analysis 586 

Lao  d*Etaill6res.  extensive  peat  k>og,  valley  of  the  Br^vlne, 107 

Laclcawanna  river,  discharge  of.       623 

Lackawannock  mountain  at  Pittston, 637 

LakeGanoga.  Sullivan  CO..  reference  to 488 

Lake  Shore  Gas  Coal  Co.,  operating  Ciera  mine, 197 

•<       •<       gas  obtained  along,         33 

Lancaster  county  day,  anal3rsis  of, 587 

Lance  colliery,  operator  and  l>eds  worked, 370 

**         '♦       elevations  at, 380 

Lake  Survey,  results  of  angle  measurements  on, 692 

"         "       triangulationof, 698 

Lancaster  prison  tower,  geographical  position  of, 705 

Lance  coal-bed,  where  mined, 368 

Lansford  R.  R.  tunnel,  strata  in, 205 

Lardintown,  Butler  oo.,  Brady's  Bend  arch  at, 49 

**  *<       *'    gas  deposits  near, 86 

Latitude  And  longitude,  methods  of  determining, 687 

*•  ••  •<       shapeof  the  earth  in  consideration  of^ 700 

Laurel  run  colliery,  operator  and  beds  worked, 870 

«*         ••         "       elevations  at, 896 

*<         <*         *'         coal-bed  under  Lower  Baltimore  bed, 392 

Laurel  run  coal-bank,  Kramer  A  Hart,  examined  by  Franklin  Piatt,    .  .  263 

Laurentian  gneiss  area,  Delaware  co., 571 

Lava,  great  upburst  at  Cornwall, 503 

Lawrence  Myer's  tract,  bore  hole  on,     644 

Layton  station, 167 

Lebanon  city  quarries,  fossils  from, 545 

**       CO.,  Cornwall  mines  on  southern  border  or, 491 

LeConte,  Joseph,  observations  on  the  decay  of  feldspathic  pebbles,    .  .   .  580 

Leechburg,  gas  deposits  near, 36 

•*  horizons  fumisliing  gas  at, 10 

**  synclinal, 165 
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Lehigh  basin,  (Lower,)  extent  of, 275 

<(       CoslL  Mine  Company,  first  organization  for  mioing  anthracite  ooal,  277 
•i  ti    StLV,  Co.,  regular  shipments  to  market  tirst  made  by,  ....  278 

•*  ««        *«      •«    oollieries,  analjrsisof  ooals,       816 

*<  «       *<      "    authority  for  section  in  Panther  creek  basin,        .   .  327 

«*         «       «      *<    colliery  No.  9,  average  thiokncHS  of  Mammoth  bed  in,290 

*<    red  ash  coal,  not  defined,  in  J.  S.  Harris*  report,      305 

'<    A  Wilkes  Barre  Coal  Co  s.  workings,  map  by  G.  Morris, 853 

Lehigh  region,  facilities  afibrded  suryey  in,  851 

<(  **       importanceof  results  of  survey  work  in, 352 

**  <*       analysis  of  coals  from,  310 

*<    Valley  Coal  Co.,  bore  hole  records  withheld  by, 858 

<<         <*    R.  R.  at  Wilkes  Barre,  limestone  outcrop  on, 44S 

14         ii       ((Co.,  topographical  map  in  W.  M.  C.  F.  made  for,    ....  345 

«         «       «<    <*    leaseof3tateLine<fcSullivanR.  R.  by, 462 

"         **    triangulation  begun  in  east  end  of, 693 

Lehman,  A.  E.,  model  of  Cornwall  ore  territory  by, 491,495 

(*       George  M.,  Assistant  in  Northern  Held, 354 

"  "         *♦    surveys  in  Delaware  co., 594 

Lenni,  Delaware  co.,  ...  572 

Lesley,  J.  P.,  coal-beds  and  fire-clays  of  Wellersburg  basin, 227 

*<  Delaware  and  Chester  county  kaolin  deposits,       571 

'*  Survey  work  placed  In  charge  of  C.  A.  Ashburner,    ....  354 

**  importance  of  Wilkes  Barre  fossils  recognized,        439 

"  lime-water  an  agent  of  decomposition,  feldspar  into  kaolin,  .  602 

**  names  of  formations  suggested, 288 

*'  notes  on  the  origin  of  coal,  .  121 

**  notes  on  utility  of  Profs.  Linn  and  Linton's  investigations,  .  225 

('  oxidation  of  coal-beds  of  anthracite  and  bituminous  basins,  .  319 

'*  paper  on  natural  gas  of  Pennsylvania 657 

**  plane  of  decomposition  of  feldspar  bed, 600 

<*  report  on  Tipton  run  coal-beds 250 

**  report  on  Cornwall  iron  ore,  491 

*'  responsible  for  theory  of  d(»wnthrow  fault  at  Cornwall,    .  .  496 

**  section  on  Towanda  mountain, 490 

**  suggestions  as  to  origin  of  feldspar, 599 

suggestion  as  to  origin  of  pot-hole,  ...       624 

thickness  of  ice  in  Ice  Age  in  Wyoming-Lackawanna  Valley  ,615 

variable  thickness  of  conglomerate 289 

Lesquereux,  Leo,  paper  on  vegetable  origin  of  coal, 95 

•*  Survey  reports  embody  life-long  observations  of,  .   .   .   .123 

Levels  furnished  by  J.  WainriKht.  155 

**      miscellaneous.  Pittsburgh  coal-region,        .   .      128 

Lewis,  F.  H.,  Pooono  coal-beds  cut  in  Sideling  Hill  tunnel,     254 

**      Henry  Carvill,  description  of  substance  resembbng  dopplerite,615,647 

Lignite  in  Red  and  Mississippi  rivers,  102 

Limestone  beds,  report  on  the  Wyoming  Valley,     437 

belts.  Chester  county.  576 

stratum  cut  in  National  kaolin  pit, 601 

Limonite  beds  along  South  mountains,         579 

Lincoln  twp.,  Allegheny  county, 127 
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Linoolntwp.,  geology  and  ooaldeyelopmentB 181 

••  eleTations,     148 

Lippinoott  triangulation  station 697 

Lisbon  synclinal,         162 

Litchfield,  geographical  position  of. 706 

Little  Washington  oil  field,  Washington  county, .26 

Littorina  rudia,  117 

Locost  Mtn.  Goal  A  Iron  Co.,  map  of  property, 845 

**      Mtn.  gap,  Pottsville  conglomerate  in,      288 

<*      Spring  colliery,  analysis  of  coal  and  ash, 321,823 

Lodgment  coal-bed,  where  mined,  371 

Londonderry  triangulation  station,  geographical  position, 701 

Lone  Tree,  geograptiioal  position  of, 705 

Long  farm,  544 

**     run,  erosion  by,  161 

Loop  run  drill,  description  of,        259 

»«  ••     coal  shipped  by  P.  R.  R., 265 

•*  •*     fuel  value  of  coal, 265 

"     sections.    .   .  259,261 

Xx)rberry  red  ash,  Joseph  S.  Harris'  definition 305 

Lovedale,     .  .  191 

*<         mine,  description  of,  .  .  191 

*<  "      section,  Pittsburgh  coal 193 

Lower  Baltimore  (Bennett)  coal-bed,  thickness, 392 

•«  •*  "  •*         where  mined, 868,872 

*^      Barren  Measures,  variable  thickness, 6 

*'  *'  •(  Beaver  county  limestones, 437 

**      Productive  Coal  Measure  limestones, 437 

Loyalsock  coal-field, 461 

**  •«         structure 284 

*<         white  ash  coal,  not  referred  to  in  J.  S.  Harris'  report, 805 

■*         and  Mehoopany  coal-fields, 276,459 

"  "  **  ♦•  or  Western  Northern, 459 

Lucerne,  Switzerland,  pot-holes  at, 624 

Lutraria  compreaaa^ 117 

Luzerne  county,  Sturdevant's  map  of, 362 

**       twp.,  Fayette  county,  elevations, 156 

Lykens  Valley  coal-beds,  472 

•*  ••       red  ash  coal,  definition  of,    .... 306 

<*  **       physical  characteristics, 305 

Lyman,  BenJ.  Smith, 354 

Lynch  A  Robinson  mine, 183 

Lyons  run  gas  well  pipe  line,     88 

M. 

Macfarlane,  James,  opinion  on  value  of  Wellersburg  coal, 238 

Macrocheilus  primigeniu8 446,457 

Macrodon  obaoleiua, 456 

Maffet  colliery,  operator  and  beds  worked, 370 

Magnetic  variation,  determination  at  Wilkes  Bar  re, .' 361 
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Mabanoy  basin,  elevations  of  points  in  the, 285 

**        city  area  on  Mine  Siieet  No.  I, 839 

**  **    oolliery,  analysis  of  ooai  and  ash  from, 321,323 

•»  *«    on  Mine  Sheet  No.  I, 338 

"       and  Shauiokin  coal-field,  extent  of, 275 

Mahoning  sandstone,  bottom  of  Barren  Measures, 178 

Main  street,  Wilkes  Barre,  outcrops  Mill  Creek  limestone  on, 447 

Malachite,  found  at  Cornwall, 547 

Maltby  anticlinal,  description  of,     406 

"       colliery,  buried  valley  at, 642 

««  ♦*        elevations  at 390 

*'  '*       operator  and  beds  worked 370 

Mallory,  Judge  Garrick,  limestone  quarried  on  farm  ofi 438 

Mammoth  coal-bed,  analysis  of  specimens  from, 321 

"  »«  **         (E.  M.  O.F.,) 318 

•»  •«  •<         (N.  C.  F.,) 318 

•«  ««  "  (8.  C.  F.,)         313 

««  "  «*         (W.  M.  C.  F.,)        813 

Manley,  W.  S.,  manager  Brandywlne  Summit  kaolin  works, 593 

Mansfield  synclinal,    ....  ....  164 

Map  showing  relation  of  coal-beds  in  Loop  run  and  Tunnel  openings,   .  .  260 

<*    of  fire-clay  mine  of  Savage  Fire- Brick  Co.,         240 

<*    showing  surface  of  coal-bed  at  North  Savage  mine,       242 

«         *«        kaolin  and  feldspar  belts  Chester  and  Delaware  oo.,  .  .   .  .  572 
'*         <*         sand  rock  taking  the  place  of  fireclay  at  North  Savage  mine,242 

«         •*         anticlinals  of  Pittsburgh-Monongahela  district, 126 

*<         **         position  of  Oermania  Oil  Co.  *st€st-wells, 84 

'<    portions  of  West  Branch  and  Abbot  twps.,  Potter  co., 84 

Marienville,  Forest  CO.,  gas  well  at,     17 

Marsllia,  a  J}og  plant,     649 

Maryland,  a  No.  X  coal-bed  mined  in, 254 

**  nearest  triangulation  stations  to  Penna.  in, 688 

*<  triangulation  of, 698 

Mauch  Chunk  red  shale  along  Wilkes  Barre  mountains, 393 

I  Maxwell,  Thomas,  superintendent  of  North  Savage  mine, 241 

[  McBride  well,  date  of  development, 13 

McClure^s  country  coal  pit,  ....  .  ,       184 

MoCormick  magnetic  iron  ore  mine,  Dillsburg, 568 

McCreath,  A.  S.,  analysis  of  BerniceooaJ,  318,469,470,477,485 

•*  "  "        *«   coal  from  Kramer  A  Hart's  mine,     264 

I  "  «♦  «*       «•   coal  from  Tipton  run, 265 

I  u  it  li       i<    Cornwall  iron  ore, 531 

*«  *•  **       •*   iron  ore, 637 

*<  **  **        **    mineral  associated  with  Cornwall  iron  ore,    588 

«  *«      composition  Penna.  anthracites, 809,813 

«*  «*  "  "dopplerite," 649 

McGuigan  well,  Washington  CO.,  gas  in, 27,40 

McKean  CO.  gas  wells,  pressure  of  gas  in, 661 

**       and  Elk  cos.,  drillings  below  Bradford  sand  in, 3 

««  ti    Warren  coa,  oil  fields, 78 

McKeesport, ,  .  167 
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McKinney,  R.  M.,  property  suryeys, 159 

MoK night  mine.  213 

McMarray*s  Mill  well,  no  market  for  gas  from,     85 

McN air,  T.  8.,  aasiBtance  afforded  Survey  by, 852 

MoQaiston  pit,       ...  196 

Meeting  House  hill,  triangulation  station 693 

Mehoopany  ooal  field,  location  and  extent  of, 460,486 

*'  *•         named  the  Western  Northern, 284 

*'  •'         struotureof, 284 

Meigs,  General  M.  C,  researches  in  value  of  coals, 808 

Melanchyme,     ....  654 

Mercer  twp.,  Butler  oo.,  gas  wells, 35 

Meridian  line,  location  at  Willces  Barre, 861 

**        used  on  Coast  and  G^eodetic  Survey, 682 

Merriam  colliery,  analysis  of  ooal  and  ash, 828 

Merriman,  Prof.  Mansfield,  appointment  on  triangulation  survey,  ....  694 

'*  **  report  on  triangulation  of  Pen na., 681 

Mesozoic  formation  at  Cornwall, 525 

**        srata,  Cornwall,  obscure  exposures  of,     495 

Me'ers  into  feet,  constant  used  on  C.  and  G.  survey, 698 

•*      miles,      ••  •*  »•        **        ••  698 

Meunler,  C,  tests  of  coals.       SOS 

Meylert  opening  on  coal-bed  A,        466 

**  »«         re-opeoed  1888, 466 

**  "         composition  of  specimens  from, 318 

*'       ooal,  a  semi-anthracite, 470 

Midvale  colliery,  operator  and  beds  worked  at,      870 

**  "        elevations,    .   .  897 

Middle  and  Western  Penna. .  erosion  in, 575 

Middle  Hill,  Cornwall,  elevation  of, 491 

Mifflin  twp.,  Allegheny  CO.,  elevations, 145 

Milesville, 168 

••  mines 220 

Mill  Creek  colliery,  elevations  at 896 

**  limestone  bed,  fossils  found  in, 438 

**  slope  anticlinal, 409 

*•  «•      basin 409 

*»  Slaokwater  Navigation  Co., 443 

Mill  Hollow  colliery,     .   .  389 

*<  shafc,  Ross  and  Red  Ash  coal-beds, 386 

Miller's  coal,  161 

**      creek,  relation  to  pot-hole, 628 

'*      pit,  not  examined,      183 

Mills  coal-bed,  Mine  Sheet,  No.  Ill,  position  relative  to  Pottsville  conglom- 
erate,   872 

Mine  Hill  Gap  colliery,  analysis  ooal  and  ash  from,     328 

Mine  map  Bernice  mines,  brought  up  to  February,  1884, 478 

Mineral  charcoal,  figure  showing  structure  of, 122 

Minerals  found  at  Cornwall  mines,      546 

Mine  sheets,  description  of  arei  embraced  by, 292 

Miner,  Charles,  assisted  on  survey  of  Northern  Coal-field,      854 
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Miner's  Mill  borough  to  Solomon's  gap,  ontorop  of  Baltimore  traced  from, 392 

Mineral  Spring  colliery,  elevations  at, 396 

*<  <*         operator  and  beds  worked  at, S70 

Mining  of  ooaJ,  chapter  on, 206 

«*       of  Cornwall  ore, 549 

Mocanaqua,  inclination  of  anticlinals  in  vicinity  of, 400 

•«  -Warrior  Run  anticlinal,     417 

Monongahela  division  Penna.  R.  R.,  elevations,        135 

*(  river  slaokwater,  elevation  of  pools  on, 136 

**  twp.,  Greene  county,  elevations^ 153 

Monopteria  {Pterinea)  gibboaa^  ...  444,455 

Montana,  (Mine  Sheet  No.  IV,)  areas  near, 343 

•*        triangulation  sation, 699 

Moore  pit,  coal  opened  at,  214 

Moosic  triangulation  station,  geographical  position  of, 697,705 

Morgantown  sandstone,  179 

Morrell,  Mr.,  analysis  of  dry  gas  by, 677 

Morris  cross-roads,  166 

**     G.,  aided  in  preparation  Mahanoy  and  Shenandoah  map,    ....     333 

*»       '•    map  L.  <fc  W.  C.  Co. 's  workings, 353 

"     Israel  W.,  map  furnished  Survey, 845 

Montour,  gas  furnished  Pittsburgh  from, 38 

Morton  pit,  Pittsburgh  coal  opened, 192 

Mount  Pleasant  twp.,  Washington  county,  nothing  but  gas  obtained  in 

wells, 26 

Mt.  Car mel  shaft  oolliery,  analysis  of  coal  and  ash, 323 

"  Hope,  494 

**  Jefferson,  triangulation  station,  geogp*apbical  position,      705 

*<  Nebo  well,  Ohio  iwp.,  Beaver  county.  Thorn  creek  sand  in, 25 

**  Pleasant  Branch,  P.  <fc  C.  R.  R.  elevations,  ....  133 

Moyer,  H.  I.,  assistant  in  Northern  Coal-tield,        354 

Munroo,  Professor  Charles  E.,  valuation  of  coal, 307 

Murraysville  anticlina',  formation  of, 47 

"  axis 49 

"  **    full  of  water  going  north-east 49 

**  **    same  as  Peter's  creek  axis, .161 

««  anticlinal,      165 

**  district  contributing  gas  to  Pittsburgh, 38 

*»  **       wells  drilled  in, 10 

**  gas  belt,  area  of, 662 

"  "  field,  description  of, 38 

*•  '*  from  Venango-Butler  group, 38 

**  <*  horizons  furnishing  gas, 10 

"  "  wells,  depth  of  the  first,     662 

«*  »*      *«      great  force  of  gas  at, 669 

**  pool,  present  draft  on, 52 

<'  '*     pressure  of  gas  in, 39,666 

Myalina  aubquadrata^     ....  446,454,456 
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Nantiooke  dam,  elevation, 630 

•*         gap,  thickneas  of  drift  at 631 

'*         mine  disaster,  reference  to, 615 

«*         Mine  Sheet,  No.  Ill, 872 

«         Station.  L.  <fcS.  R.  B..  line  of  outoro pa  from, 632 

**         Susquehanna  river  at, 637 

**         trian  Adulation  station,  geographloal  position  of, *  .  .  .  .  706 

Natural-gas  of  Pennsylvania,  paper  on, 657 

**         current  price  of, 678 

"         Pittsburgh  areas,     1 

**         displacement  of  coal  by, 673 

**         Youngstown,  Ohio,     35 

**         popular  fallacies  concerning, 51 

<*         variation  in  chemical  composition, 674 

**  *•       Aiel  value  of,     676 

•*         S.  A.  Ford,  analysis  of, 675 

National  kaolin  works,  analysis  of  kaolin,       589 

**  .**  limestone  outcrop  at, 581 

"  *»  shaft  at,        599 

««  "  situation  of, 503 

•*  *•  plan  of,      610 

**  *'  pit,  no  rock  found  in  situ, 601 

Neal  A  Oliver  works,  coke  produced  at, 176 

Nescopectwp.,  glacial  moraine  running  through, 616 

New  Brighton  gas  supply, 41 

Newcastle  pipe-line.    . 35 

New  coal-bed,  Hillman  colliery, 391 

<*  **        where  mined  in  Northern  Coal-field, 369 

'*    fields,  in  areas  below  Venango  oil  group, 79 

*^    Garden  twp.,  Chester  county,  kaolin  exposures  near  a  limestone  belt  in,577 

New  Hampshire,  thickness  of  ice  in  Ice  Age, 615 

New  Jersey,  tree  trunks  beneath  peat  in,     109 

**  primary  triangulation  Penna.  triangulation  cammenced  on,  693 

New  Orleans,  beds  of  peat  in  tK>ring8  near 109 

**    Red  measures  against  trap  at  Cornwall, 527 

Newport  Centre  anticlinals, 418 

*'         Creek  "  419 

'*  **     valley,  bore-holes  to  test  drift  in, 629 

Newton  well.  Oil  Creek  twp.,  Crawford  county, 34 

Newtown  basin,  ...  414 

<'        triangulation  station,  geographical  position  of, 704 

^'       Mt  Rose  primary  triangulation  line, 694 

New  York  oil  fields. 49 

"  State  Geological  Survey,  geological  nomenclature  proposed  by,287 

•*  and  Cleveland  Gras  Coal  Co 177 

*<  State  line,  triangulation  in  Penna.  extended  across, 697 

•*  **     survey,  triangulation  of, 698 

Ncsquehoning  tunnel,  section  of, 290 

'*  mountain,  Pocono  coal,      254 

Nettleton,  Mr.,  production  Phillips  well, 25 
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Niagara  shaft,  quioksan^  in, 640 

Nicholson  twp.,  Fayette  ooanty,  elevations  in, 157 

Niles,  Allegany  district,  New  York 18 

Nine  Mile  run, 165 

Nineveh  synclinal, 367 

Nineveh- Allegheny  synclinal,    .  ^ 167 

Noel,  James,  supt.  Savage  Fire  Brick  Company, 245 

North  Ashland  colliery,  analysis  of  coal  and  ash  from, 328 

**     Huntingdon  township,  Westmoreland  county,  elevations  in,    .  .  .155 

**     Mahanoy  colliery,  analysis  of  coal  and  ash  from, 821 

*'     Mountain,  Sullivan  county, 459 

«*  ••        Pocono  coal  on,     254 

"  ««        Virginia, 284 

North  Savage  Fire  Brick  Company's  mine,      289 

North  Savage  Fire  Brick  Company's  mine,  section, 248 

**   Sea,  formation  of  bog  near, 115 

**     Versailles  township,  Allegheny  county,  elevations, 148 

*<     Versailles  township,  Allegheny  county,  position  of  Pin  Hook  axis  in,  161 

Northern  coal-tield,  additional  parts  to  atlas, 865 

**  <*         anticlinals  and  bashis, 898 

•*  "         estimates  of  coal, 867 

••  •*         extent  of, 276 

"  <<         field  work  necessary  in, 860 

"  •'         location  of  sections, 291 

**  "         percentage  coal  mined, 208 

**.  "         plan  of  work, 863 

"  <*         published  sheets, 864 

*«  **         progress  of  work, 272 

«*  •*         scale  of  maps, 860 

•*  ••         structure  of,       284 

"  "         survey  of, 858 

Nottingham  colliery,  elevations  at, 879 

"  "        cars  hoisted, 878 

"  "        operator  and  bed  worked, 870 

*<  **        red  ash  bed  worked  at, 877 

"        township,  Washington  county, 151 

O. 

Oakwood  colliery,  elevations  at, 896 

"  *'  haulage  way  in  Four  Foot  bed, 892 

**  '*  operator  and  beds  worked  at 870 

**  **  maximum  thickness  of  Four  Foot  bed, 898 

Obburg,  Switzerland,  peat  bog  at, 658 

Ocean  mines,  Nos.  1,  2,  8,  and  4,  location  of, 200 

**       ••        No.  2,  description  of, 201 

*•       "       Nos.  8  and  4,  description  of, 201 

Ohio,  prospecting  for  oil  and  gas  in, 2 

Ohlen,  H.  C,  record  of  wells  received  from, 88 

•♦      well,  No.  1,  record  of. 85 

«•         »»     No.  2,  record  of, 86 

**         "     No.  8,  record  of, 88 
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Oblea  well  No.  4,  reoord  of, 91 

Oil,  First.  Second,  and  Third  sands,  chanoter  of, 03 

Oil  borings.  Jackson  and  Abbott  townships,  Potter  county, 82 

Oil  City  Derrick,  letter  published  in,  by  request  of  State  Geologist,    ...   58 

Oil  Creels  Third  sand,  names  applied  to  different  parts  of, 65 

"  "  noeyidenoeofoil-«and  below, 62 

Oil  Creek  Valley,  sand-rock  in,     66 

Oil  and  gas  horizons,  sections,        5 

"         '*       **  Westmoreland.  Allegheny,  Beaver,  and  Washington 

counties, 9 

Oil  and  gas.  preliminary  report  on,  J.  F.  Carll, 1 

t*       *'       uncertainties  in  operating. 97 

Oil-«ands,  age  of  deposit, 71 

•*     ••      comparison  of 79 

**     **      composition  of, 61 

Oil-sands,  nomenlcature  of, 64 

OU-sand  belt, 67 

Oil-sands  group, 64 

"  ''  between  Tidioute  in  Warren  county,  to  St.  Joe  in  Butler 

county 61 

Oil-region  map,  construction  of, 12 

Old  Bennett  coal-bed,  in  Northern  Coal  Field  where  mined,  ....     368, 372 

Old  Eagle  mine 214 

Clean,  gas  from  Allegany  oil-district  piped  to, 81 

Clean  conglomerate  in  Boyd's  Hill  well,  Pittsburgh, 5 

"  ••  key  to  structure  of  oil  regions, 4 

**  ♦«  outcrop  at  Clean  Rock  City, 5 

•*      N.  Y.  line  of  glacial  epoch  at, 615 

*'      Rock  City,  outcrop  of  Clean  conglomerate  at, ^ 

Oligoclase  in  feldspar  rooks, 585 

Olypbant  triangulation  station, 7(15 

0*Neirs,  H.  D.,  coal  not  classed  as  Pool,  No.  3, 205 

O'Neill  mine, 190 

"  •*    section  of  Pittsburgh  bed  at, 191 

Opal,  the  common,  found  at  Cornwall, 547 

Orchard  coal-bed,  analysis  of  specimen  from, 821 

"  **         Northern  Coal-Field,  where  mined, 368,372 

Order  No.  3  to  Survey  frssistants  relative  to  information  obtained,     ....  856 

"      to  Survey  corps  relative  to  unpublished  information, 359 

Ore,  internal  constitution  of  the  Cornwall, 530 

"    mass  in  Big  hill, 508 

"       •*         Middle  hiU,  500 

**    run,  Sullivan  CO.,  bed  of  ore  exposed  on, 489 

Origin  of  coal,  notes  by  J.  P.  Lesley  on  the, 121 

Orthoclase  in  feldspar  rooks, 585 

Orthonota, 446 

Ortou,  Dr.  Edward,  doubt  as  to  reported  gas  pressures, 663 

Overturned  anticlinal  near  Lebanon, 545 
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Padfio  mine, 204 

Page  plate,  Archbald  pot-hole, 618 

«•  «*  "         seotions  of, 620 

<*  AnUoilnals  and  synclinals,  Pittsburgh-Monongahela  district,  .  126 

*<  Brandy  wine  Summit  kaolin  pits 592 

««  "  "  "        works 506,612 

**  Bell  magnetic  ore  mineSi  Dillsburg, 566 

*<  Bernice  coal  basin, 460 

**  Cornwall,  Big  hill,  section  across, 498 

••  "  "       trap  at, 601 

**  *«  **       and  Middle  hills,  sections  through,  ....  510 

"  «<  Middle  hill,  little  railroad  cut  and  sections,    ....  616 

**  **  "  magnetic  iron  ore  workings, 510 

"  •*  "  ore  stopes  in, 608 

**  <<  «  stratificationof  ore  mass, 512 

"  "  •«  prongs  of  trap, 504 

•*  "  crush  fault, 542 

*<  *'  iron  ore  mine, 492,494 

•«  •«  *•  **     cross  sections  of, 606 

**  "  limestone  ridge,  section  at  west  end  of, 620 

*•  **  section  along  R.  R., 626 

"  *<  stopes  and  prongs  of  trap, 602 

<(  **  internal  constitution  of  a  block  of  Cornwall  ore, .   .  680 

**         Germania  Oil  Co.'s  test  wells, 84 

"  **  "  "  sections  of, 92 

*<         borse-«hoe  triangalation  in  Penna., 696 

**         internal  vegetable  structure  of  coal,         122 

*<         Loop  run  and  Tunnel  openings,  Tipton, 260 

*<         McCormick  magnetic  ore  mines,  Dillsburg, 568 

**         National  kaolin  works 610 

"         Old  Buried  Valley,  Kingston  and  W.  Pittston, 638 

**         Savage  Fire  Brick  Co.*s  mines, 240 

"  •*  '•  "         *»       seotions  at, 242 

Wilkes  Barre  fossils, 440,442,444,446 

Palissy,  Bernard,  opinion  on  origin  of  plants  found  at  Gies, 95 

Panther  Creek  Basin  at  Tamaqua,  section  of, 827 

*»      cross  section  of, 283 

•*      extent  of, 276 

"      depths  of  points  in 286 

**      high-dipping  beds  of,  percentage  coal  taken  from,  .  297 

**      measurements  for  sections  of, 828 

**      resuitsof  analyses  of  coals  from, 810 

<*      survey  completed  between  Mauch  Chunk  and  Tam- 
aqua  325 

Panther  Creek  region,  statement  of  waste  of  coals  in, 298 

^*       triangulation  station,  geographical  position  of, 697,705 

Pardee,  Ario  A  Sons,  assistance  offered  Survey  by, 852 

Parrish  colliery,  operator  and  beds  worked 370 

H.  E.,  assistant  in  Northern  Coal  Field, .   .   •     354 

Peat,  growth  of,  hastened  by  a  humid  atmosphere, 112 
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Peat  bogs  in  low  ooantries.  more  extensively  formed  alons:  sea  shore,  .  .  115 

»*        «'     definition  of, 105 

implements  found  in, 117 

in  valley  of  the  Rrd vine,     107 

of  Denmark,  animal  remains  in, Ill 

of  Les  Fonts,  Jura, 112 

on  steep  slopes,        112 

forest  in  Switzerland, 107 

Soranton,  **Dopplerite"  from  Post  Glaolal, 615 

Peat  bog  theory  of  formation  of  ooal, 105 

Peat  deposits 118 

"         "       of  Denmark, 107 

"         **         **    Sweden  and  Denmark, 109 

"         "  "    Virginia, 106 

Peat  formation,  thickest  lacustrine, 114 

Peokitt,  Leonard,  analysis  of  ore  by, 587 

Pennsylvania  anthraoite  fields, 319 

"  Coal  Co*a  property,  bore-holes  on, 641 

**  furnace.  Centre  oo.,      515 

"  Gas  Coal  Co.,  coal  shipped  by, 176 

•*  mine, 176 

<*  no  system  of  description  of  boundary  lines  in,     685 

•*  Railroad  Co.,  coal  lands, 351 

••  "    elevations  along, 128 

**  **    formations  passed  through, 256 

•*  •*    tunnel.  Upper  Freeport  coal-bed  cut  in, 266 

*<  Salt  Manufacturing  Co.,  Natrona,  gas  supply, 38 

"  south-west  corner  of,  geographical  position  of, 706 

Penn  twp  ,  elevation  in, 142 

Penny  mines 183 

Penobscot  triangulatlon  station,  geographical  position  of, 689,695,705 

People*s  Heat  and  Light  Co..      26 

*«       Natural  GasCo., 39 

Permian  formation,  Wilkes  Barre  foasUs  reported  to  be, 439,441 

**       fossils.  Wilkes  Barre  coUectloa  contain  no, 450 

Perry,  John  A  Co., 219 

Petersburg  trlangulatiou  station,  geographical  position  of, 705 

Peter's  creek, 160 

"         "    anticlinal, 166 

•*         "    axis,       160 

"         **      "    extension  of, 159 

*  *•      "    occurrence  of, 159 

•*      twp.,  elevations  in, J51 

Petrolia,  first  oil-sand, 8 

Petroleum,  outflows  of,  accounting  for  the  occurrence  of  bitumen,   .  .  .  .  103 

Petroleum  Age,  oil  statistics  from, 18 

*•  •*      «•        "       Allegheny  district, 12 

"  **      "        "        Bradford         •'  15 

Petty's  Pond  basin, .* 415 

Philadelphia,  old  High  School  observatory,  geographical  position  of,  .  .  .  708 
State  House,  geographical  position  of, 705 
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PbiladelphlB,  St  Peter's  Church,  geographical  position  of, 705 

**  Water  Dept.,  determiiiations  by, 706 

■'  Co.,  in  MarraysYille  field 89 

<*  **    manufkctories  supplied  with  gas  by, 079 

«'  **    piping  gas  to  Pittsburgh, 88 

"  feldspar  roclu,        584 

<'  and  Reading  Coal  A  Iron  Ca  collieries  analysis  of  coals  from,  32i 

<•  **         *<       authority  for  section  in  PottBTille  basin,  ...     829 

**  *•         **       completeness  of  maps  of, 338 

**  **         **       mining  engineers  of ,     888 

Phillip's  well  No.  1,       24 

"  "    on  Oil  creek 25 

•♦  •*    Thorn  creels, 21 

Phillipsburg,  gas  supply  of, 41 

Phillipsia  aangamonensiSf 446,458 

PhcBuiz  Park  colliery, 328 

pit 164 

Pholaa  Candida^ 117 

PhytocollUe .656 

Pierce  family,  farms  of, 194 

Pigeonrun.drift  in  coal  on, 475 

^*       '*    Sullivan  oo.  ore  exposed  on, 489 

Pimple  Hill  triangulation  station,  geographical  position, 691,705 

Phi  Hook  anticlinal,    .... 160,162,164,167 

•»        ♦•    Tillage 165 

Pine  Creek  village 36 

**    Forest  colliery,  analysis  of  coal  from, 828 

**    Orove,  analysis  of  coal  specimen  from  near, 809 

**    Ridge  colliery,  elevations  at, 896 

**        *'  *'       operator  and  beds  worked  at, 870 

•*       **  "       small  coal-bed  at 392 

Pinna  peraeuta 444,454,455 

Pioneer  furnace,       278 

Pithole.  character  of  oil  at 63 

Pittsburgh,  development  of  gas  area,  surrounding,     1 

<*       elevaUons  in, 139,140,142 

coal-bed,  cleavage  of, 177 

*'       commercial  importance  of, 171 

current  deposition  of, 103 

*«  '«       description  of, 173 

"  "        in  Forward  twp 206 

key  to  structure  in  oil-regions,     4 

measurements  above  and  below, 171 

*•  "       outcrop  line  of, 127 

outcrop  near  Reynolds, 161 

sections,  at  Atlantic  mines, 204 

Bellevuemine, 185 

Cornell  <fc  Werling  mine, 188 

Henderson's  lower  pit, 199 
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upper  pit, 199 

Homer  <ft  Roberts  mine, 209 
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Pittsburgh  ooal-bed  aeotions,  liovedale  mine, 193 

"  *'  "         Ooeaa  mine,  No.  2, 203 

•*  «•  ••         Old  Eagle  mine, 216,217 

"  «*  "         O'NeiUmine 191 

••  ♦'  "         Rankin  mine, 219 

*'  «»  «*         Walker  mine, 212 

«•  *•  *«         Winona  mine, 213 

*'  *<         Btrnotural  features  of  represented,     162 

**  <*         suoceesful  weils  in  Washington  county  below,      ....  26 

'*  *<         top  of  Barren  Measures,     178 

<*  *'         wells  in  Dunkard  oreek  dlstriot  600  feet  below,   ....   28 

*•         gas  fields, 49 

<*         Cincinnati  <fc  St.  Louis  R.  R.,  elevations  along 138 

"         gas  areas  at,  670 

*•         MoKeesport  A  ToughiogheuyR.  R,,  elevations  along, 184 

**         -Monongahela  district,  map  of, 126 

*<         region,  geographioal  limits  of, 125 

**  "      map  of,     .   .  169 

*"         gas  wells,  source  of  supply,     4 

**         region,  structure  of, 169 

Pittston,  Luzerne  county,  Susquehanna  river  at, 687 

Plains-Yatesville  anticlinal,  406 

Plank  Ridge  colliery,  analyses  of  coal  and  ash  from, 822 

Piatt,  Franklin,  Kramer  <ft 'Hart  drift  examined  by, 263 

*<  reference  to  bore-hole  record  of  Bemioe  coal  property  ,468 ,469 

(<  report  on  waste  of  anthracite,  .   .  883 

<•  reported  on  Loy^lsock  and  Mehoopany  fields  In  1878,  .  .  462 

Pleasantville,  character  of  oil  at,         63 

Plymouth  collieries,  identity  of  coal-beds  at,      378 

**        No.  2  colliery,  operators  and  beds  worked, 870 

**  **         **         shaft  and  rope  drill  bore-hole  section, 427 

operator  and  beds  worked, 371 

♦t  «<  ««  371 

analysis  of  Bennett  bed, 314 

««  Cooper  bed, 314 

operator  and  beds  worked, 871 

Mine  Sheet,  No.  V, 876 

Policy  governing  field  corps, 858 

Pollock's  run,  166 

Polly  Elliott  and  Wm.  Hall  tracts,  coal  smut  reported  on, 488 

Pontypridd,  South  Wales,  section  near, 99 

Pool  No.  3,  unjust  discrimination  against, 205 

Pool  Theory,  remarks  on  the,  46 

Popular  fallacies  regarding  precious  metal  deposits, 42 

Port  Blancliard,  buried  valley  at,     689 

**    Clinton  triangulation  station, 690 

"        **  **  «*  geographical  position  of, 702 

"   Royal, 168 

Pot-hole  at  Archbald,     ....  616 

**       location  of,  of  importance  to  coal  operator, 616 

Potter  county,  one  spot  colored  on  map  for  gas, 31 
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Potter  county,  pomibl.ity  of  produotive  oil-fields  in,  ....  I 82 

Pottsvillei  analysis  of  3oal  from, 809 

**        basin, section  in,  .   .  829 

**  **     measurements  of  section  in, 830 

•*        coal-field,  extent  of,  275 

**        colliery,  analysis  of  coal  and  ash  from,      828 

**        conglomerate,  thickness  in  Wilkes  Barre  mountains,    ....     898 

<'  *<  crests  of  Savage  mountain  made  by, 228 

**  '*  cross  sections  in  Northern  Coal-field, 863 

'*  **  explorations  for  coal  in 893 

"  **  Hanover  colliery  bore-hole  sunk  to, 876 

**        court-house,  geographical  position  of, 706 

**        Iron  and  Steel  Co.,  ore  used  in  furnace  of, 585 

Practical  deductions  from  notes  in  Chapter  V 76 

Pressure  in  gas-wells,  greatest  known, 668 

Preston,  No.  1.  colliery,  analysis  of  coal  and  ash  from, 828 

<*       Nos.  Sand  4  collieries,  analysis  of  coal  and  ash  from. 822 

Primrose  coal-bed,  analysis  of  specimen  from, 821 

**  <'         Western  Middle  Coal-field,  analysis  of, 818 

**  "         Southern  Coal-field,  analysis  of 818 

Principio,  azimuth  observed  at 688 

**  -Meetinghouse,  primary  triang^ation  line,    .       694 

Production  of  ore  at  Cornwall  for  the  year  1886,    .   .       561 

Productive  oil  and  gas  horizons  discovered  since  1882, 8 

**  measures,  Lincoln  twp.,  Allegheny  county,  exposures  of,     .  .  184 

I^oduetus  cora^ 440,452 

**  nebraseensiSt 458 

Prospect  colliery,  elevations.  888,896 

*»  *'         depth  of  workings  in,  285 

**  "         operator  and  beds  worked  at, 871 

Prospect  shaft  anticlinal 410 

**         "       basin,       409 

Providence  triangulatlon  station,  geographical  position  of, 705 

Prussian  governmental  surveys,  angle  measurements  on, 692 

**       Coast  Survey,  angle  measurements  on, 692 

Pulpit  rock  triangulatlon  station,  geographical  position,    . 705 

Pyne  colliery,  analysis  of  coal  and  ash  from, 328 

Pyropiasite 654 

Pyroxene,  found  at  Cornwall, 548 

a. 

Quaternary  geology  of  Wyoming-Lackawanna  Valley, 615 

R. 

Railroad  levels, 128 

Raleigh,  North  Carolina,  once  covered  by  tertiary  strata 578 

Ralston.  Lycoming  county,  Rankin  mine, 218 

Rawlinsville  triangulatlon  station, 694,  701 

Red  ash  colliery.  No.  1,  elevations, 895 

'*  *'        No.  1,  operators  and  beds  worked, 871 
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Red  ash  oollierj,  So,  2,  elevations 895 

**  *'         thioknes9ofNo.  XII,  at 289 

*'       ooal-bed,  average  thiokness  Mine  Sheet,  No.  VIII 393 

*<  **         relation  to  Baltimore  bed, 378 

**  **         consisting  of  one  bench,     881 

**  **         immediately  over  Pottsyille  conglomerate, 872 

*•  -*         King8t«m  and  Mill  Hollow  collieries, 386 

**  **         maximum  thicknees  of, 377 

»♦  •*         Muie  Sheet,  No.  y, 877 

*•  "         mining  valne  of, 886 

*'  **         no  commercial  coal  below, 893 

"  ••         where  mined, 368 

Red  Hematite,  Grassy  Hill,  Cornwall, 513 

Redstone  coaUbed, 178 

•*  *•         character  of,        206 

**  **        opened  near  Morton  pit, 193 

»*  **         outcrop  of, 184, 193 

**  "         on  Pierce's  fork,  Howell's  creek, 194 

Red  Valley  pool,  Venango  county, 1 

»*  •*  '•  oil-sand  of, 22 

"  well, 25 

Relief  bore-hole,  Nanticoke,  record  of, 633 

Regnault,  researches  on  the  origin  of  coal, 99 

Report  I*, 83 

"      GG, *. 317 

"       •*   analyses 477 

**       "    Geology,  Lj'coming  and  Sullivan  county, 462 

"      K,  location  of  Peter's  creek  axis, 159 

<'      KK,  location  ot  Peter's  creek  axis, 159 

**      MM,  analysis, 477 

**      Bernice  coal  basin, 460 

Reynolds',  (McReesport,)  outcrop  Pittsburgh  coal, 161 

**  colliery,  elevations  at 879 

*'  **         operstor  and  beds  worked  at, 871 

'•  Fault  anticlinal, 420 

Rhodochrosite,  at  Cornwall,        548 

Rhume  Run  tunnel,  names  of, 288 

*'  "  section  of, 289 

Richards  A  Hartley  bottling  worlds,  supplied  with  gas  from  Bull  creek  field,  88 

Richardson  colliery,  analysis  of  coal  and  ash  from, 822 

Richburg  well,  date  of  development, IS 

Richmond,  Virginia,  coal  first  mined  in  the  United  States  at,     277 

Ricketts,  Col.,  section  by, 489 

'*        triangulation  station, 705 

Ridge  mine.  Eafon  colliery,  pot-hole  at. 617 

*'      theory  in  locating  oil-wells,  48 

Riley,  L.  A.  <&  S.  M.,  Locust  Mtn.  Coal  and  Iron  Co.,  map  made  by, .  .   .  845 

Rixford  gas  pool,  Bradford  gas  supply  from, 31 

Roaring  Run  anticliaal, 165 

<*  **  '*  same  as  Peter's  creek  axis, .161 

Robeeonia  Iron  Co., 517 
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Robesonia  Iron  Co.,  method  of  mining, 509 

*<  "  mining  at  Cornwall, 557 

Robins  &  Jenkins  mine, 182 

Roohester,  Bridgewater  Held  supplying  gas  to, 40 

*'  on  Ohio  river,  wells  drilled  for  gas, 26 

**  Tumbler  Co., 26 

Rook-gas,  composition,     671 

**         current  prices, 678 

"         fael-yalue,        672 

**         pressure, 657 

"         quantity, 666 

Rogers,  Profl  H.  D..  analysis  of  Pennsylvania  anthracites, 309 

*'  **      identification  of  Cornwall  slates, 540 

<*  "      naming  of  formations  by, 288 

Rock  coal-bed,  where  mined.  868 

Ross         **         average  thickness  on  Mine  Sheet,  No.  VIII, 893 

"  **         extensively  worked  on  Mine  Sheet,  No.  VI, 882 

Roetraver  twp.,  Westmoreland  oo.,  elevations, 154 

Rothrock,  Prof.  J.  T.,  sections  of  seeds  by, 649 

Rothwell,  R.  P.,  topographical  map  Panther  Creek  basin 326 

'*  **        Wyoming  map  by,  880 

Round  Hill  church,  great  limestone  and  Union  town  coal-bed, 194 

'<       Top  triangulation  station, 695,705 

Roy  well,  Elk  CO.,      8 

Roy<fc  Archer  gas-pool,  horizon  of  gas  and  oil  in, 32 

"  ■*         three  wells  composing, 82 

Rupert  pit,     197 

S. 

Sadtler,  S.  P.,  analysis  of  rock-gas, 675 

■<         <*      gas  analysis.  Report  B, 668,672 

Salem  colliery,  operator  and  beds  worked  at, 371 

**     triangulation  station, 697,705 

Salom  A  Westesaon,  analysis  by,      .   .   .  .   i 467 

Salt  water  rock  at  Pittsburgh,    ....      9 

Saltsburg  anticlinal, 166 

Sandy  creek, 165 

•*      epoch,      69 

Sargassum,  floating  fields  on  Atlantic,      104 

Sargeant  pool,  geyser  well  in, 31 

Sartwell,  deeper  sands  not  found  near, 15 

Sartwell-Smethport,  Roy  A  Archer  well  in, 3 

Savage  Fire-Brick  Co..  driving  machinery  of, 245 

*•  **  **     map  of  mines, 240 

<'  **  ■*     second  opening, 244 

♦*       valley,  drainage  of,     228 

Saw  Mill  dam,  Loop  run,  coal  opened  near, 259 

Saxon  station,  gas  deposits  near, 36 

"  well,  lamp-black  made  at, 36 

Scharar,  Chris.  H.,  collection  of  fossils  by, 439 
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Sobarar,  Chris.  H.,  Mill  Creek  limestone  found  by, 447 

*•  •»  *•         identified, 446 

*«  <•       Wilkes  Barre  fossils  belong  to, 451 

Soheorer-Kestner,  ooal  test  by, 308 

Sehizodus  euneatuSt  442,466 

**  wheleeri,      442,466 

Schlotheim,  researches  on  origin  of  ooal, 96 

Schooley  air  shaft,  strata  out  in,        640 

*'       main  **     quicksand  at,       640 

Sohott.  C.  A.,  longitude  determinations  by, 707 

Schuylkill  colliery,  analysis  of  coaJ  and  ash  from, 822 

'*  red  ash  coal  defined, .  .  305 

*<  region,  production  previous  to  1858, 380 

Soott,  Chas.  B.,  work  in  Northern  Coal-Fleld, 854 

*<      W.  L.,  large  area  Pittsburgh  coal-bed  owned  by, 200 

••      Ocean  mine,  No.  2, 169 

"      twp.,  Allegheny  CO.,  elevations  in, 144 

Scranton  court  house, ^ 706 

Scranton,  *'dopplerite**  from,  616. 647 

**  in  glaciated  portion  of  slate. 648 

**  mineral,  low  percentage  of  carbon  in, 654 

Scrub  Grass  and  Emlenton,  apparent  break  in  oil  belt  between, 70 

Second  oil-sand,  oliaracter  of  oil  from, 63 

**      and  First  oil-sand,  confusion  in  naming, 66 

Section  A,  Northern  Coal-Field 863 

«*      A  bed,  Meylert  drift, 467 

**      A  and  B  beds.  Bemice  basin, 468 

*<      anthracite  ooal  measures.  Atlas  Sheet, « 292 

••      Archbald  pot-hole, 620 

"      Barren  series, 178 

"      B,  Northern  Coal-Field,     863 

"      B  bed,  Bemice  basin 478 

«»         "       Old  Jackson  mine, 472 

**      bore-hole,  S.  E.  Bernice  opening,  No.  1, 474 

'*  **         Bemice  coal  opening, 468 

•'      C,  Northern  Coal-Field 364 

•*      Chrisman  coal-bed, 487 

**      coal  measures,  Bell's  tunnel  and  Pott's  collieries, 843 

Drifton  and  Lattimer  collieries,        349 

Ellangowan  and  Indian  Ridge  collieries, 841 

Pseston  and  Girard  Mammoth  collieries,      ....     342 

Mine  Sheet.  No.  Ill 423 

No.  IV, 876 

No.V,     427 

No.  VI, 429 

«  No.  VII 482 

"  No.  VIII, 438 

Northern  Coal-Field.  unfinished, 363 

Primrose  colliery  and  East  Mahanoy  tunnel,     ...  389 
Wyoming  Valley,  showing  limestones, 449 
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Cornwall,  along  railroad, 526 
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Seotlon,  Cornwall,  Big  Hill  and  Furnace  oreek, 498 

«  <«  Bigand  Middle  Hills 510 

♦*  '*  oruah  fault 642 

«*  **         limestone  ridge,  west  end, 520 

"  **  Middle  hUl 502 

"  '«  mine,  606 

"      Duncan  stotion,  P.  MoK  <ft  V.  R.  R., 197 

**      fire-clay  bed  near  EUerslie,       248 

»*     Germania  Oil  Company's  well, 92 

**      John's  farm,  600 

•*      Kaolin  bed.  Griffin  farm, 594 

*■      Nesquehoning  tunnel, 290 

*•      North  Savage  mine,     248 

"      Ore  run.  Sullivan  county,      489 

*<      Vertical  cross  section  of  Paleszoic  strata,  Carbon  county, 281 

'*      Panther  creek  basin.  Tamaqua, 327 

*<  *•  coal-basin, 288 

**      peat,  M.  H.  Debray, 116 

*^      peat  bog,  Valley  of  the  Somme,  France, 118 

•«      Pontypridd  colliery,  South  Wales, 99 

"      Pottsville  ba^in,         ...  829 

"      Ross  coal- bed,  •* Harry  E."  tunnel, 386 

**      system  of  shading  by  survey,       296 

•*      Tovvanda  mountain.  Prof.  Lesley, 490 

*<      Upper  Productive  coal  measures, •  •  •  ^^^ 

*'      Wellersburg  bore-hole,  281 

**      No.  1,  showing  oil  and  gas  horizons 5 

**      No.  2,  baaed  on  ferriferous  limestone, 6 

'<      No.  8,  based  on  Pittsburgh  coal-bed,        6 

Semple,  Boyd  A  Arstrong.  No.  2  well,  torpedoing  of 22 

Serpentine  found  at  Cornwall,  547 

**         exposure  along  Chester  and  Darby  creeks,  strike  of, 572 

Sewickley  coal-bed,  178 

**  **         Forward  township  not  noticed  in, 206 

«•  "         on  Pierce's  fork,  Howell's  creek, .194 

«*        creek,   .   .  ...  165 

*<        township,  Westmoreland  county,  elevations  in, 155 

Seven  Foot  coal-bed,  analyses, 818 

Shaft  cnal-bed,  where  mined,  871 

Shamokln,  difficulty  in  systemating  maps  near,       846 

<•         coal,  deflnilion  by  J.  S.  Harris  of, 305 

Sharp  Mountain  Gap,  coal-bed  T  most  southern  bed  in, 328 

Sharples<ftShoemaker'squarry,(Tthoclase  found  in,     589 

Sheafer,  A.  W..  aide i  on  Mahanoy  and  ShenandoHh  Sheets, 838 

<*  **       charge  of  Western  Middle  Coal-Field  party, 334 

'  *  *  *       Northern  Coai-Field  work  commenced  under  direction  of,  358 

Sheafer,  P.  W.,  diagram  and  tables  (report  A  A.)  by,     826 

"  «*     "dopplerite"  described  in  letter  to, 648 

Sheep  Hill,  Cornwall,        496 

Sheerer,  analysis  of  orthoclase  by,       586 

Sheffield  gas  pool,  discovered  by  Hague  or  Sheffield  well, 32 
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Sheffield  gas  pool,  most  prolifio  in  ooao try,     82 

••  "      *•    product  piped  to  Warren  junction,  N.  Y., 3S 

Shenandoah  City  colliery,  analysis  of  coal  and  ash  from, 322 

'*  district,  waste  in  preparing  Mammoth  bed  coal,     299 

"  Mine  Sheet,  No.  II.  839 

•*  •*       *'       *•     II,  beds  worked  on, 340 

Sheridan  station,  Pan  Handle  railroad,         164 

Shickshinny,  suggested  outlet  for  buried  valley  at.     631 

'*  triangulation  station,  697,705 

Shingle  House,  Potter  CO.,  gas  piped  to  consumers  at, 81 

Shinn,  W.  P..  on  consumption  of  gas 673 

Shoemaker,  W.  S.,  bore  holes  on  property  of, 641 

Sideling  Hill.  No.  X  coal-beds  in, 261 

''  **    tunnel  East  Broad  Top  R.  R..  section,      252 

"  *•         *•    South  Penn  R.  R.  coal-beds  in, 254 

Sidney  station,  P.  McK.  &  Y.  R.  R  ,       184 

Sierra  Madre,  Permian  deposits  of  the, 451 

Sigillaria,  figures  showing  structure  of, 123 

Siliceous  limestone  Boyd's  Hill  well.  6 

"  *<       Pittsburgh  and  Little  Washington  wells 6 

Sink  holes,  Chester  CO.,  581 

**       '*     none  in  Delaware  co., 582 

Six-Foot  C3al-bed .  where  mined, 369 

Skidmore  coal-bed,  analysis  of ,  .   .   .  321 

Sims,  H.  N.,  assistant.  Western  Middle  Coal-field, 334 

Slippery  Rock  twp.,  Butler  CO  ,  gas- wells  in, 35 

Siiokensides,  production  of,  660 

Sniethport,  deeper  sands  not  found  in  wells  near, 15 

**  sand«  geological  horizon  of,  16 

Smith.  A.  B.  W.,  assistant.  Northern  Coal-Field 354 

Smith's  Bridge  station.  W.  <fcR.  R.  R..  elevation, 583 

Smith's  Ferry,  change  in  rocks  developed  at, 11 

Smithfield 166 

Smith's  gap  triangulation  station,       689,691,699,704 

Snake  Island  coal  bed,  Hillman  colliery, 391 

•*  •*         *•      "    where  mined,     369 

Snowdentwp.,  Allegheny  CO.,  elevations, 148 

Snyder  well,  gas  struck  in.     .   . .    85 

Solomon's  gap.  outcrop  Baltimore  bed  traced  to 392 

Somerset  county,  sjuth-eastern  corner.  227 

Somme,  France,  formation  of  bogs  near  mouth  of, 118 

**  ♦*       section  of  peat  bog  in  valley  of,       118 

South  mountains,  limestone  strata  of  Lehigh  Valley  once  covering  the,    .  575 

"      Versailles  tw p.,  Allegheny  CO.,  elevations, 144 

"      Wilkes  Barre  colliery,  elevations,       383 

**  *  **    operator  and  beds  worked  at, 371 

South-We?t  Penna.  R.  R.,  elevations,  ...  129 

**  '*■  *'    extension, elevations,     130 

*•  Gas  Coal  Co.  mine, 198 

Southern  coal-field,  extent  of.  275 

**       published  sheets  relating  to 825 
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Southern  ooal-field,  surveyor 825 

<'  ''        topographical  map  of,         882 

'*  *<       table  showing  location  of  seotioDS,  . 291 

Speeohley  farm,  Cranberry  twp.,  well  on, 84 

Spenoer,  Mr.,  kaolin  mined  by, 673 

Sphagna,  growth  of, 107,111,120 

Spiri/er  lineatuSt 463 

Spring  Brook,  No.  5,  colliery,  analysis  of  Mammoth  and  Wharton  beds,    .  814 

**      Hill  tw p.,  Fayette  oow.  elevations  in 167 

'*      Mountain,  No.  4,  colliery,  analysis  of  Mammoth  and  Wharton  bed,814 

St  Joe,  Butler  CO.,  to  Allegany  CO.,  N.  Y., drillings  between, 3 

St.  Nicholas  colliery,  analyses  of  Mammoth  and  Buck  Mountain  beds  at,  .  816 

Stanton  anticlinal, ...  418 

"       basin 414 

*<        bore-hole  anticlinal,       416 

**        (No.  7)  colliery,  elevations, 888 

"  •*  *'        representing  section.  Mine  Sheet,  No.  VI,  .   .   .   .  429 

«  <(  **        operator  and  beds  worked  at, 871 

"       overturn, 400 

State  Line  <fcSulli van  R.R.  Co.,  coal  areas  owned  by 461 

"  •«  ••  estimates  of  coal  on  property  of,     .   .   .   .476 

"  "  «<  offer  to  Survey  by, 462 

Steams,  LA.,  assistance  rendered  Survey  by, 862 

<'  bore-hole  records  received  from, 646 

*<  general  superintendent  Susquehanna  Goal  Co., 628 

Steadman,  A.  W.,  L.  Y.  R.  R.  surveys  directed  by, 462 

Sternberg,  researches  on  origin  of  coal, 96 

Sterrettpit,     164 

Stevenson,  Pr<3f.  J.  J.,    .  177 

**  <'         Peters  Creek  axis  located  by 159 

StigmaHa  lepidodendron  in  Breckeuridge  coal  of  Kentucky, 98 

Stine  Bro.  's  mine,  coke  produced  at 176 

Stinson.  J.  M.,  analysis  of  **dopplerite"  by, 661,666 

Stopes  in  Middle  hill,  sketch  of, 602 

Stratificationof  ore  mass,  Cornwall, 618 

Strattonville,  Clarion  CO. ,  gas  spot  at, 86 

Street's  Run  synclinal, 167 

Stringtown  mine,     198 

Strong,  Henry  K,  section  near  Wellersburg 229 

Stroud  A  Ackley*s  saw  mill,  shaft  sunk  near, 475 

Stowell's  Petroleum  Reporter  production  of  Warren  district  from,    ...    19 

Stultz,  Mr.,  information  received  from,     248 

Sturdevant,  Wm.  H.,  assistance  relative  to  property  lines  rendered  by, .  .  862 

Sub-olean  conglomerate,  key  to  structure  of  oil  regions, 4 

Sucker  rod  system  of  well  drilling,  19 

Sugar  Notch  (No.  10)  breaker  anticlinal, 417 

"  collieries,  Red  Ash  bed.  one  bench  worked  at,     881 

**  **  tendency  of  coal-beds  to  thin  and  thicken  at,  .  .  376 

**  No.  9  colliery,  elevations,  388 

•*  **  operator  and  beds  worked  at, 871 

**  **  thickness  of  beds  worked  at, 882 
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Sugar  Notch,  No.  10  oolliery  elevations, 884 

**  **  operator  and  bed8«worked  at, 871 

**  tunnel  anticlinal,     417 

Sullivan  oo.  coals,  peculiarity  of,      484 

*'  location  of  North  mountain, 459 

Summit  Coal  Co.,  predecessor  of  Tipton  Run  Goal  Co., 250 

**       Hill,  Carbon  oo.,  triangulation  station, 705 

**  **    mines,  early  shipments  from, 278 

<<  ('        *'        system  of  mining  at,  287 

**  **    village,  coal  first  quarried  in  1792  near, 290 

Surveys  between  Bernice  and  the  Susquehanna  river, 462 

Survey,  method  ot  representing  strata, 282 

*'        of  the  Southern  Coal  Field.  826 

Susquehanna  Coal  Co.'s  collieries,  elevations, 874 

'*  *'  operators  and  beds  worked  at,    .  .  .  .871 

*•  <*  No.  1  shaft,  section  of 423 

<*  ••  No.  2  shaft,  section  of, 425 

"  *'  Nos.  1  and  2  shafts,  section  of,   ...  .     873 

«  <<  Slope  No.  1,  disaster  at,       .       .   .   .617,627 

**       Co.  topographical  map  of  vicinity  of  Nanticoke, .  .  632 

river,  mean  low  water  of, 680 

Swatara  Gap,  triangulation  station,  .   .  693 

**       **  *<  **         geograpliiaal  position  of, .705 

Szabo's  test  of  feldspars 587 

T. 

Table,  analysis  average  composition  Penna.  anthracites, 818 

*'  *<       coals  and  ash  from  anthracite  collieries,  .  .  .  .' 822 

•»  **       coals,  collieries  of  P.  <fcR.  C.  &  I.  Co.,     821 

'*  ^*       coals,  Panther  Creek  and  Lehigh  basins 810 

*'    character  of  coal,  number  producing  collieries,  etc.,     804 

'*    coal-beds,  thickness,  etc,  mined  on  Nanticoke  Mine  Sheet,  No.  Ill,  .  872 
*♦  *♦  »«  ♦*       ••        «»    Plymouth  Mine  Sheet,  Na  y,    .877 

*•  »*  '*  "        **       "    Ashley  Mine  Sheet,  No.  VI,   .  .881 

"  *«  "  »*        *•        "    Kingston  Mine  Sheet,  No.  VII, .  884 

"  **  *•  "        **        *•    Wilkes  Barre  M.  S.,  No.  VIII,  .  891 

**    collieries,  operators  and  coal-beds  on  N.  Coal  Field  Sheets,  .  .   .  868,372 

Table,  depths  of  some  of  the  anthracite  basins, 285 

«     different  kinds  of  coal  in  different  fields 804 

**     example  triangulation  observations,     689 

<*      amount  and  price,  copper  ore,  Cornwall, 548 

«      cost  of  ore  and  iron  at  Cornwall  from  1848-1858, 554 

»<  «♦         at  Cornwall  from  1864-1876, 660 

*«  •*         mining  at  Cornwall  from  1859-1864, 660 

**      individual  interest  in  Cornwall  ore  mine, 669 
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